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(54) IMAGE HEATING DEVICE AND IMAGE FORMING DEVICE USED FOR THIS 



(57) An image heating device having a predeter- 
mined amount of heat generation with a small electric 
current. The device comprises a heat-generating roller 
(1) having magnetism and conductivity; an exciting coif 
(5) opposed to the peripheral face of the heat-generat- 
ing roller (1) and adapted for allowing the heat-generat- 
ing roller (1) to generate heat with electromagnetic in- 
duction. The exciting coil (5) is composed of a bundle of 
60 copper wires of a 0.2 mm diameter are extended in 
the direction of the rotation axis of the heat-generating 
roller (1 ) and they are circumferentially wound along the 
circumferential direction of the heat-generating roller 
(1). The bundled wires are arranged in close contact 
with each other in the circumferential direction of the 
heat-generating roller (1) so as to cover the upper half 
of the heat-generating roller (1). 
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Description 

Technical Field 

[0001] The present invention relates to an image 
heating device for use in image forming apparatus, such 
as electrophotographical apparatus, electrostatic re- 
■ cording apparatus or the like and suitable as a fixing de- 
vice for fixing unfixed images, and to an image forming 
apparatus using this. 

Background Art 

[0002] As this kind of image heating device, an image 
heating device using electromagnetic induction is dis- 
closed in JP 10(1998)-74007 A, JP7 (1 995)-295414 A, 
etc, and is well known. 

[0003] JP 1 0(1 998)-74007A describes an exciting coil 
in which a coil is wound around a core, as an exciting 
means applicable for electromagnetic induction. Figure 
34 is a cross-sectional view showing an image heating 
device disclosed in JP 10 (1998)-74007 A. 
[0004] In Figure 34, reference numeral 310 denotes 
a coil for generating a high-frequency magnetic field, 
and 311 denotes a rotatable metal sleeve that generates 
heat by induction heating. Reference numeral 312 de- 
notes an internal pressure member provided inside the 
metal sleeve 311 , and reference numeral 313 denotes 
an external pressure member provided outside the met- 
al sleeve 311. This external pressure member 313 is 
pressed against the internal pressure member 312 via 
the metal sleeve 311 so as to form a nip portion. The 
external pressure member 31 3 is rotated in the direction 
of the arrow a shown in Figure 34. The metal sleeve 311 
is rotated following the rotation of the external pressure 
member 313. 

[0005] A recording paper 31 4, as a member to be re- 
corded; carrying an unfixed toner image thereon is fed 
to the nip portion in the arrow direction shown in Figure 
34. Then, the unfixed toner image on the recording pa- 
per 314 is fixed by the heat from the metal sleeve 311 
and the pressure from both pressure members 312 and 
313. 

[0006] The coil 31 0 is provided with a plurality of sep- 
arated winding portions 310a and 310b. These winding 
portions 310a and 310b are formed by winding a con- 
ductive wire around leg portions 315b and 31 5d of the 
core 315 via an insulating member (not shown). The 
core 315 has a plurality of leg portions 315a — 31 5e. 
Herein, the core 31 5 is made of ferrite that is a magnetic 
material, and forms a magnetic path for magnetic flux 
generated by alternating current applied to the coil 31 0. 
[0007] The image heating device disclosed in the 
above-mentioned JP 10 (1 998)-74007A is thought to 
have the following problems. 

[0008] Namely, in the configuration of the above-men- 
tioned exciting means, since the conductive wire is 
wound around the leg portions of the core 315, the po- 
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sition where the conductive wire is placed is limited to 
the position of the leg portion of the core. Therefore, the 
degree of freedom of design in placing a conductive wire 
is limited. Furthermore, it is difficult to place conductive 
5 wires in a broader range along the circumferential sur- 
face in the circumferential direction of the metal sleeve 
311. 

[0009] On the other hand, JP7 (1 995)-295414 A de- 
scribes an excitation means having a configuration in 

w which a conductive coil is placed onto an insulating sup- 
port body in a curled form. Figure 35 is a cross-sectional 
view showing an image heating device disclosed in JP7 
(1 995)-29541 4 A. Figure 36 is a perspective view show- 
ing a heating coil used in this image heating device. 

15 [0010] As shown in Figure 35 : a heating roller 201 is 
driven to be rotated in the arrow direction while in con- 
tact with a pressure roller 202. The pressure roller 202 
is rotated following the rotation of the heating roller 201 . 
Furthermore, the pressure roller 202 is pressed to the 

20 heating roller 201 and driven to be rotated. A recording 
paper 203 carrying an unfixed toner image thereon and 
fed to a place between both rollers 201 and 202 is heat- 
ed and pressed between the both rollers 201 and 202, 
and thereby the unfixed toner image on the recording 

25 paper 203 is fixed. 

[0011] A heating coil 204 is provided in a state in 
which it is embedded in the insulating support body 205 . 
As shown in Figures 35 and 36, the heating coil 204 is 
formed of a narrow conductive film extending along a 

30 curved surface of a half cylinder shaped insulating sup- 
port body 205 and is disposed in a curled shape along 
the entire width of the insulating support body 205 as a 
whole. Alternating current is applied to this heating coil 
204 from an electric power source for induction heating. 

35 Then, due to the alternating current applied to the heat- 
ing coil 204, alternating magnetic flux is generated so 
as to excite the heating roller 201 . In the heating roller 
201 , an eddy current is generated that flows in the op- 
posite direction to the direction in which the alternating 

40 current flows in the heating coil 204. When the eddy cur- 
rent is generated in the heating roller 201 , Joule heat is 
generated in the heating roller 201 , so that the heating 
roller 201 generates heat. 

[0012] According to the configuration of the exciting 
45 means described in JP 7 (1995)-295414 A, as com- 
pared with the configuration of the exciting means de- 
scribed in JP1 0 (1 998)-74007 A, the degree of freedom 
of design in placing the conductive wire is less limited, 
and it is possible to place the conductive wire over a 
50 broader range along the circumferential surface in the 
circumferential direction of the heating roller 201 . 
[0013] However, the image heating device disclosed 
in JP 7(1995)-295414A has the following problems. 
[0014] Since the heating coil 204 is formed of a con- 
55 ductive film arranged in a curled form, there is space in 
which no electric current flows between the circumfer- 
entially flowing current. Therefore, as shown by a bro- 
ken line S in Figure 35, the magnetic flux passes be- 
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tween the coils to form small loops. In this case, it is not 
possible to lead the magnetic flux to the heating roller 
201 efficiently, thus increasing the" magnetic flux that 
does not penetrate the heating roller 201 . Therefore, in 
order to obtain the electric power necessary for allowing 
the heating roller 201 to generate heat, a large amount 
of electric current is required to flow to the heating coil 
204. In order to carry a large amount of electric current 
to the heating coil 204, a component having a large 
breakdown current is required to be used for the electric 
power source for induction heating, causing the electric 
power source for induction heating to be expensive. 
[001 5] Furthermore, conventionally, as image heating 
devices, for which fixing devices are typical example, 
contact-heating type devices such as heat rollertype de- 
vices and belt type devices, generally have been used. 
[0016] In recent years, due to the demand for shorter 
warm-up time and reduced energy consumption, the 
belt type image heating devices capable of reducing the 
thermal capacity are attracting great attention (see JP 
6 (1994)-318001 A). 

[0017] Figure 37 shows a cross-sectional view of a 
belt type image heating device, which is disclosed in JP 
6 (1994)-318001 A. As shown in Figure 37, an endless 
rotatable fixing belt 401 is suspended between a fixing 
roller 402 and a heating roller 403. By heating the heat- 
ing roller 403 by the use of the heating source H1 located 
inside the heating roller 403. the fixing belt 401 is heated 
to a predetermined temperature. 
[0018] By using the fixing belt 401 having a small ther- 
mal capacity, this image heating device is designed to 
achieve a fixing without offset with less oil applied. 
[0019] The belt type image heating device including 
the above-mentioned prior art has advantages of being 
able to set the thermal capacity of the fixing belt small 
for shortening the warm-up time, which makes it possi- 
ble to heat up the fixing belt itself to the predetermined 
temperature in a short time. However, on the other hand, 
as the thermal capacity is reduced, the trend for the tem- 
perature of the fixing belt to be easily reduced due to the 
heat removed by the recording paper, etc. when a toner 
image is fixed becomes larger. Therefore, in orderto ob- 
tain a reliable fixing, the lowered temperature of the fix- 
ing belt should be recovered uniformly to the necessary 
temperature until the fixing belt arrives again to the fixing 
portion. 

[0020] Furthermore, there is another problem in that 
how the temperature of the fixing belt decreases when 
the fixing belt passes though the fixing portion varies 
dependent greatly upon the temperature conditions of 
the recording paper, the members to be used for pres- 
sure means, or the like. Therefore, in order to obtain the 
stable fixing, regardless of the temperature conditions 
of the recording paper, the member to be used for pres- 
sure means, or the like, that is, even if the manner in 
which the temperature of the fixing belt decreases 
changes greatly after the fixing belt passes through the 
fixing portion, it is necessary to restore the temperature 



of the fixing belt to the optimum constant temperature 
when the fixing belt comes again to the fixing portion. 
[0021] In order to restore the fixing belt to a predeter- 
mined temperature stably and uniformly, a configuration 

5 of transferring heat from the heat-generating portion to 
the fixing belt and a configuration of the heat generating 
portion itself are important. However, in the conventional 
belt type image heating device, this point was not par- 
ticularly taken into account. 

10 [0022] In the belt type image heating device including 
the above-mentioned prior art, the thermal capacity of 
the fixing belt is set to be small in order to shorten the 
warm-up time, which causes inconsistency in tempera- 
ture or partially excessive rise in temperature. This is a 

15 significant problem in the case of continuously using the 
recording paper having a smaller width as compared 
with the size of the depth direction (the direction of the 
rotation axis of the heating roller 403) of the image heat- 
ing device shown in Figure 37. That is, in the portion 

20 where the recording paper passes through, the heat is 
removed increasingly by the recording paper, and there- 
fore the portion must be heated accordingly. However, 
if the portion where the recording paper does not pass 
through is heated similarly, the temperature of the por- 

25 tion is raised because the thermal capacity of the heat- 
ing body (heat-generating roller) issmall. Thus, if a large 
size recording paper (broad-width recording paper) is 
used in a state in which the temperature is increased 
abnormally, hot offset may occur, 

30 [0023] On the contrary, if the heat generation is limited 
in order to prevent the hot offset, the temperature of the 
portion where the heat is removed by the recording pa- 
per becomes low. which may lead to the cold offset or 
an unfixed state. 

35 

Disclosure of Invention 

[0024] The present invention has been made to over- 
come the above-mentioned problems of the prior art. It 

40 is an object of the present invention to provide an image 
heating device capable of obtaining a predetermined 
amount of heat generation with a small electric current, 
and an image forming apparatus using the same. Fur- 
thermore, it is an object of the present invention to pro- 

45 vide a image heating device using a fixing belt and ca- 
pable of shortening the warm-up time and stably con- 
trolling temperatures of the belt, and an image forming 
apparatus using the same. 

[0025] In order to achieve the above objects, an im- 
50 age heating device according to a first configuration of 
the present invention includes a heat-generating mem- 
bercomprising a rotatable body having conductivity, and 
an exciting coil arranged in opposition to the peripheral 
surface of the heat-generating member and adapted for 
55 allowing the heat-generating member to generate heat 
with electromagnetic induction, wherein the exciting coil 
is composed of a bundle of wires having an insulated 
surface, which are extended in the direction of the rota- 
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Won axis of the heat-generating member and circumfer- 
entially wound along the circumferential direction of the 
heat-generating member, and the "bundled wires ex- 
tending in the direction of the rotation axis of the heat- 
generating member are arranged in close contact with 
each other in at least one place. According to the ilrst 
configuration of the image heating device, magnetic 
fluxes, which are generated due to alternating current 
flowing in the exciting coil, do not pass through between 
the bundled wires in the area in which the bundled wires 
are arranged in close contact with each other. There- 
fore, it is possible to allow the magnetic fluxes to pene- 
trate the heat-generating member efficiently as com- 
pared with the prior art. Accordingly, in order to obtain 
the electric power necessary for allowing the heat-gen- 
erating member to generate heat, a large amount of 
electric current is not required to be applied to the ex- 
citing coil. 

[0026] Furthermore, in the first configuration of the im- 
age heating device according to the present invention, 
it is preferable that a larger number of the bundled wires 
are superimposed at both ends than at the central por- 
tion in the direction of the rotation axis of the heat-gen- 
erating member. With such a preferred configuration, it 
is possible to heat uniformly a wide range of the heat- 
generating member in the direction of the rotation axis 
thereof. Moreover, since the bundled wires superim- 
posed at both ends in the direction of the rotation axis 
of the heat-generating member are distant from the 
heat-generating member, an eddy current is not concen- 
trated on this portion and the temperature of this portion 
is not excessively increased. 

[0027] Furthermore, in the first configuration of the im- 
age heating device according to the present invention, 
it is preferable that the diameter of the wire is 0.1 mm 
or more and 0.3 mm or less and the diameter of the bun- 
dled wire is 5 mm or less. With such a preferred config- 
uration, since the electric resistance of the bundled wire 
is small with respect to the high frequency alternating 
current, the heat generation of the exciting coil can be 
suppressed. Furthermore, since it is possible to provide 
the bundled wire with an appropriate thickness, rigidity 
and durability, the exciting coil can be formed easily. 
[0028] Furthermore, in the first configuration of the im- 
age heating device according to the present invention, 
it is preferable that the exciting coil has an inductance 
of 10 u.H or more and 50 u,H or less and an electric re- 
sistance of 0.5 Q. or more and 5 Q or less in a state in 
which the exciting coil is opposed to the heat-generating 
member. With such a preferred configuration, an excit- 
ing circuit can be configured by a circuit element having 
not so high breakdown current and breakdown voltage, 
and thus sufficient electric power applied to the heat- 
generating member and sufficient amount of heat gen- 
eration can be obtained. 

[0029] Furthermore, in the first configuration of the im- 
age heating device according to the present invention, 
it is preferable that the image heating device further in- 
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eludes a core made of magnetic material arranged out- 
side the exciting coil. With such a preferred configura- 
tion, since all of the magnetic flux at the rear face side 
of the exciting coil penetrate the inside of the core, it is 

5 possible to prevent the magnetic fluxes from leaking out 
backward. As a result, it is possible to prevent the heat 
generation due to the electromagnetic induction of the 
peripheral conductivity material and at the same time to 
prevent the unnecessary radiation of electromagnetic 

io wave. Furthermore, since the inductance of the exciting 
coil is increased and the electromagnetic coupling be- 
tween the exciting coil and the heat-generating member 
becomes excellent, it is possible to apply larger amount 
of elastic power to the heat-generating member with 

*5 same coil current. Furthermore, in this case, it is prefer- 
able that the length of the core along the direction of the 
rotation axis of the heat-generating member is shorter 
than the length of the heat-generating member in the 
direction of the rotation axis thereof. With such a pre- 

20 ferred configuration, it is possible to prevent the eddy 
current density at the end face of the heat-generating 
member from being increased and the heat generation 
at the end face of the heat-generating member from be- 
ing excessively increased. Furthermore, in this case, the 

25 length of the exciting coil at the outer peripheral portion 
in the direction of the rotation axis of the heat-generating 
member is not shorter than the width of a recording ma- 
terial having the maximum width in all the recording ma- 
terials to be used; and the length of the core in the dt- 

30 rection of the rotation axis of the heat-generating mem- 
ber is not shorter than the width of the recording material 
having the maximum width of all the recording materials 
to be used. With such a preferred configuration, even if 
the exciting coil is wound somewhat nonuniformly, it is 

35 possible to make the magnetic field reaching from the 
exciting coil to the heat-generating member to be uni- 
form in the direction of the rotation axis of the heat-gen- 
erating member. Therefore, it is possible to make the 
distribution of heat generation of the heat-generating 

40 member to be uniform in the portion where the recording 
material passes through. Thereby, it is possible to make 
the temperature distribution at the fixing portion uniform, 
and thus a stable fixing operation can be obtained. Fur- 
thermore, it is possible to shorten the length of the heat- 

45 generating member in the direction of the rotation axis 
thereof and the length of the exciting coil in the direction 
of the rotation axis of the heat-generating member while 
making the distribution of heat generation of the heat- 
generating member uniform. As a result, it is possible to 

50 realize a miniaturization of the device and at the same 
time to reduce the cost. Furthermore, in this case, it is 
preferable that the distance between the end face of the 
core and the end face of the heat-generating member 
in the direction of the rotation axis of the heat-generating 

55 member is longer than the facing space between the 
core and the heat-generating member. With such a pre- 
ferred configuration, since lines of magnetic force radi- 
ated from the core toward the end portion of the heat- 
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generating member are not concentrated on the narrow 
range, it is possible to prevent the induced current from 
concentrating on the end face and the vicinity of the 
heat-generating member and to prevent the end portion 
of the heat-generating member from being excessively 
heated. Furthermore., in this case, it is preferable that 
the core has opposing portions opposed to the heat- 
generating member without sandwiching the exciting 
coil between the opposing portion and the heat-gener- 
ating member, and magnetic permeable portions op- 
posed to the heat -generating member via the exciting 
coil. With such a preferred configuration, since the mag- 
netic fluxes generated by alternating current (coil cur- 
rent) flowing in the exciting coil pass through between 
the opposing portion and the heat-generating member, 
most of the magnetic path can be composed of a mate- 
rial having a high magnetic permeability. Therefore, an 
air portion having a low magnetic permeability in which 
the magnetic fluxes generated by the coil current passes 
through is limited to the narrow gap portion between the 
heat-generating member and the core. Accordingly, the 
inductance of the exciting coil is increased, and almost 
all of the magnetic fluxes generated by the coil current 
can be led to the heat-generating member. As a result, 
it is possible to obtain an excellent electromagnetic cou- 
pling between the heat-generating member and the ex- 
citing coil. Thereby, more electric power can be applied 
to the heat-generating member even with the same coil 
current. In addition, since the magnetic path is defined 
by the opposing portion and the heat-generating mem- 
ber, the magnetic circuit can be designed freely. In this 
case, it is further preferable that the heat-generating 
member is supported by the support member made of 
magnetic material, and a space between the support 
member and the core is twice or more the facing space 
between the core and the heat-generating member. 
With such a preferred configuration; most of the mag- 
netic fluxes penetrating the core penetrate the heat-gen- 
erating member without being led to the support mem- 
ber. Thereby, an electromagnetic energy provided to the 
exciting coii can be transmitted to the heat-generating 
member efficiently. At the same time, it is possible to 
prevent the support member from being heated. Fur- 
thermore, in this case, it is preferable that the length be- 
tween the outermost ends of the magnetic permeable 
portion along the direction of the rotation axis of the 
heat-generating member is not longer than the length 
between the outermost ends of the opposing portion 
along the direction of the rotation axis of the heat-gen- 
erating member. With such a preferred configuration, 
since it is possible to reduce the amount of material for 
the magnetic permeable portion to be used with the 
range of the opposing portion defining the range of the 
heat-generating portion in the direction of the rotation 
axis of the heat-generating member secured, it can be 
to make the distribution of heat generation to be uniform 
with lower cost. Furthermore, in this case, it is preferable 
that at least a part of the opposing portion is arranged 



in closer contact with the heat-generating member than 
the magnetic permeable portion, thereby forming an ad- 
jacent portion. With such a preferred configuration, a 
much greater electric power can be applied to the heat- 

5 generating member. Furthermore, in this case, it is pref- 
erable that a plurality of adjacent portions are provided 
and one of the plurality of adjacent portions is located 
in the center of the winding of the exciting coii. Since a 
magnetic flux generated by the coil current passes 

w through the center of winding of the exciting coil without 
fail, by locating the adjacent portion in the center of wind- 
ing of the exciting coil, the magnetic fluxes generated 
by the coil current can be led to the heat-generating 
member efficiently. Furthermore, in this case, it is pref- 

15 erable that at least a part of the core has gaps in the 
direction of the rotation axis of the heat-generating 
member. With such a preferred configuration, by chang- 
ing the arrangement of the core, the distribution of heat 
generation can be designed freely. Furthermore, even 

20 jf a cheap and small volume core is used, uniform tem- 
perature distribution can be obtained. Furthermore, 
since heat can be radiated from the gap of the core, and 
at the same time, the surface area of the core itself be- 
comes large, the radiation of heat can be promoted. Fur- 

25 thermore, in this case, it is preferable that the core has 
opposing portions opposed to the heat-generating 
member without sandwiching the exciting coil between 
the opposing portion and the heat-generating member, 
and magnetic permeable portions opposed to the heat- 

30 generating member via the exciting coil, and the gaps 
in the magnetic permeable portion of the core are dis- 
tributed nonuniformly in the direction of the rotation axis 
of the heat-generating member. Furthermore, in this 
case, it is preferable that the gap in the magnetic per- 

35 meable portion of the core is smaller in the end portion 
than in the central portion in the direction of the rotation 
axis of the heat-generating member. With such a pre- 
ferred configuration, it is possible to prevent the defi- 
ciency in fixing by making the temperature distribution 

40 of the heat-generating member to be uniform. Further- 
more., in this case, it is preferable that the core has op- 
posing portions opposed to the heat-generating mem- 
ber without sandwiching the exciting coil between the 
opposing portion and the heat-generating member, and 

45 magnetic permeable portions opposed to the heat-gen- 
erating member via the exciting coil, and the opposing 
portions of the core arranged asymmetrically with re- 
spect to a center line of the exciting coii in the direction 
of the rotation axis of the heat-generating member. With 

50 such a preferred configuration, it is possible to make the 
distribution of heat generation in the direction of the ro- 
tation axis of the heat-generating member to be uniform 
with a smaller amount of core. On the contrary, if the 
amount of core is the same, the distribution of heat gen- 

55 eration can be made still more uniform. Furthermore, in 
this case, it is preferable that the core has opposing por- 
tions opposed to the heat-generating member without 
sandwiching the exciting coil between the opposing por- 
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tion and the heat-generating member, and magnetic 
permeable portions opposed to the heat-generating 
member via the exciting coil, with the gap in the oppos- 
ing portion of the core smaller than the gap in the mag- 
netic permeable portion of the core in the direction of 
the rotation axis of the heat-generating member. With 
such a preferred configuration, since it is possible to re- 
duce the amount of material for the magnetic permeable 
portion to be used with the length of the core of opposing 
portion defining the range of the heat-generating portion 
secured, it can be to make the distribution of heat gen- 
eration to be uniform with a smaller amount of core ma- 
terial and with lower cost. Furthermore, in this case, it 
is preferable that the core has opposing portions op- 
posed to the heat-generating member without sand- 
wiching the exciting coil between the opposing portion 
and the heat-generating member, and magnetic perme- 
able portions opposed to the heat-generating member 
via the exciting coil, with the opposing portions of the 
core provided continuously in the direction of the rota- 
tion axis of the heat-generating member. With such a 
preferred configuration, even if gaps are provided in the 
core of the magnetic permeable portion and are une- 
venly distributed, the magnetic field reaching from the 
opposing portion to the heat-generating member can be 
made uniform in the direction of the rotation axis. There- 
by, while the core in the magnetic permeable portion is 
reduced, the distribution of the heat generation in the 
heat-generating member in a portion where the record- 
ing material passes through can be made uniform, and 
thus the temperature distribution in the fixing portion can 
be made uniform. Therefore, a stable fixing operation 
can be obtained. Furthermore, since the core of the 
magnetic permeable portion can be reduced while the 
distribution of heat generation in the heat-generating 
member uniform, it is possible to achieve the miniaturi- 
zation of the device and the reduction of the cost. Fur- 
thermore, in this case, it is preferable that the heat-gen- 
erating member is formed in the shape of pipe, and the 
cross-sectional area of the surface of the inside of the 
heat-generating member perpendicular to the rotation 
axis thereof is smaller than the maximum cross section- 
al area of the core and exciting coil. With such a pre- 
ferred configuration, it is possible to use the heat-gen- 
erating member having a small thermal capacity, the ex- 
citing coil having a large winding number, and the ap- 
propriate amount of ferrite (core) in combination. There- 
fore, it is possible to apply a larger amount of electric 
power to the heat-generating member with a predeter- 
mined coil current. Furthermore, in this case, it is pref- 
erable that a part of the core is divided, thereby forming 
a movable portion and the movable portion is held mov- 
ably with respect to the rest portion of the core. Further- 
more, in this case, it is preferable that the movable por- 
tion arranged outside the region in which a recording 
material to be used passes through and is allowed to be 
movable with respect to the remaining portion of the 
core. With such a preferred configuration, it is possible 



to prevent the temperature of the member such as a fix- 
ing belt, bearing and the like on the end portion from 
being increased beyond the withstanding temperature 
due to the excessive increase of the temperature of the 

5 region in which the recording material do not pass 
through. Furthermore, even if a large size recording ma- 
terial is used after small size recording materials are 
used continuously, since the temperature of the fixing 
portion is proper, the occurrence of hot offset can be pre- 

10 vented. Therefore, just after the small size recording 
materials are used, the large size recording material can 
be used. 

[0030] Furthermore, in the first configuration of the im- 
age heating device according to the present invention, 

15 it is preferable that the image heating device further in- 
cludes a shielding member made of conductive material 
covering at least a part of a rear face of the exciting coil. 
With such a preferred configuration, it is possible to pre- 
vent a high frequency electromagnetic wave generated 

20 from the exciting coil from transmitting to the inside and 
outside of the apparatus. Thereby, it is possible to pre- 
vent electric circuits located at the inside and outside of 
the apparatus from wrongly operating due to electro- 
magnetic noise. 

25 [0031] Furthermore, in the first configuration of the im- 
age heating device according to the present invention, 
it is preferable that the image heating device further in- 
cludes a cooling means for cooling the exciting coil by 
air flow. 

30 [0032] Furthermore, in the first configuration of the im- 
age heating device according to the present invention, 
it is preferable that the image heating device further in- 
cludes a heat insulating member for shielding a thermal 
conduction between the exciting coil and the heat-gen- 

35 erating member. With such a preferred configuration, it 
is possible to cool the exciting coil without cooling the 
heat-generating member. Furthermore, in this case, it is 
preferable that the image heating device further in- 
cludes a core made of magnetic material arranged out- 

40 side the exiting coil, wherein the length of the exciting 
coil along the direction of the rotation axis of the heat- 
generating member is shorter than the length of the heat 
insulating member along the direction of the rotation ax- 
is of the heat-generating member and is longer than the 

45 length of the core along the direction of the rotation axis 
of the heat-generating member. With such a preferred 
configuration, even in the case where the core is ar- 
ranged in close to the heat-generating member, the tem- 
perature rise of the core can be prevented. 

so [0033] Furthermore, in the first configuration of the im- 
age heating device according to the present invention, 
it is preferable that the image heating device further in- 
cludes a fixing roller and a fixing belt suspended be- 
tween the fixing roller and the heat-generating member. 

55 Furthermore, in this case, it is preferable that the image 
heating device further includes a core made of magnetic 
material arranged outside the exiting coil, wherein the 
core has opposing portions opposed to the heat-gener- 
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ating member without sandwiching the exciting coil be- 
tween the opposing portion and the heat-generating 
member, and magnetic permeable portions opposed to 
the heat-generating member via the exciting coil, and 
the length between the outermost ends of the opposing 
portion along the direction of the rotation axis of the 
heat-generating member is not longer than the width of 
the fixing belt. With such a preferred configuration, since 
the heat-generating member in the portion where heat 
is not removed by the fixing belt is not heated exces- 
sively, the end portion of the heat-generating member 
can be prevented from being heated excessively. 
[0034] Furthermore, an image heating device accord- 
ing to a second configuration of the present invention 
includes a heat-generating member comprising a rotat- 
able body having magnetism and conductivity, and an 
exciting coil arranged in opposition to the peripheral sur- 
face of the heat-generating member and adapted for al- 
lowing the heat-generating member to generate heat 
with electromagnetic induction; wherein the exciting coil 
composed of a bundle of wires having an insulated sur- 
face, which are extended in the direction of the rotation 
axis of the heat-generating member and circumferen- 
tially wound along the circumferential direction of the 
heat-generating member, and a larger number of bun- 
dled wires are superimposed at both ends than at the 
central portion in the direction of the rotation axis of the 
heat-generating member. 

[0035] Furthermore, an image heating device accord- 
ing to a third configuration of the present invention in- 
cludes a heat-generating member comprising a rotata- 
ble body having conductivity; and an exciting coil ar- 
ranged in opposition to the peripheral surface of the 
heat-generating member and adapted for allowing the 
heat-generating member to generate heat with electro- 
magnetic induction; wherein the image heating device 
further includes a core made of magnetic material ar- 
ranged outside the exciting coil, and the length of the 
core along the direction of the rotation axis of the heat- 
generating member is not shorter than the width of a 
recording material having the maximum width in all the 
recording materials to be used. 

[0036] Furthermore, an image heating device accord- 
ing to a fourth configuration of the present invention in- 
cludes a heat-generating member comprising a rotata- 
ble body having conductivity: and an exciting coil ar- 
ranged in opposition to the peripheral surface of the 
heat-generating member and adapted for allowing the 
heat-generating member to generate heat with electro- 
magnetic induction; the image heating device further in- 
cludes a core made of magnetic material arranged in a 
state in which the exciting coil is sandwiched between 
the core and the heat-generating member, the core has 
opposing portions opposed to the heat-generating 
member without sandwiching the exciting coil between 
the opposing portion and the heat-generating member, 
and magnetic permeable portions opposed to the heat- 
generating member via the exciting coil, wherein at least 
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a part of the opposing portion is arranged in closer con- 
tact with the heat-generating member than the magnetic 
permeable portion, thereby forming an adjacent portion, 
and at least a part of the core has gaps in the direction 

5 of the rotation axis of the heat-generating member. 
[0037] Furthermore, an image heating device accord- 
ing to a fifth configuration of the present invention in- 
cludes a heat-generating member comprising a rotata- 
ble body having conductivity; and an exciting coil ar- 

fo ranged in opposition to the peripheral surface of the 
heat-generating member and adapted for allowing the 
heat-generating member to generate heat with electro- 
magnetic induction: the image heating device further in- 
cludes a core made of magnetic material arranged in a 

is state in which the exciting coil is sandwiched between 
the core and the heat-generating member, the core has 
opposing portions opposed to the heat-generating 
member without sandwiching the exciting coil between 
the opposing portion and the heat-generating member, 

so and magnetic permeable portions opposed to the heat- 
generating member via the exciting coil, wherein the ar- 
ea of the portion where the opposing portion is opposed 
to the heat-generating member is larger than the cross 
sectional area of the magnetic permeable portion per- 

25 pendicular to the circumferential direction of the heat- 
generation member. According to the fifth configuration 
of the image heating device, the electromagnetic cou- 
pling between the exciting coil and the heat-generating 
member becomes excellent, thus improving the efficien- 

30 cy of the heat generation. Furthermore, since magnetic 
fluxes generated by the coil current are concentrated on 
the opposing portion of the core, by making the area of 
the portion where the opposing portion is opposed to the 
heat-generating member larger than the cross sectional 

35 area of the magnetic permeable portion perpendicular 
to the circumferential direction of the heat-generation 
member, the amount of heat generation of the heat-gen- 
erating member in the direction of the rotation axis can 
be made uniform. Furthermore, it is possible to provide 

40 the core with gaps so that the exciting coil has a portion 
that is not opposed to the core while securing the cross- 
sectional-area where the magnetic fluxes penetrate. 
Therefore; it is possible to promote the heat radiation 
from the exciting coil portion and to prevent the magnetic 

45 fluxes from leaking outward. 

[0038] Furthermore, an image heating device accord- 
ing to a sixth configuration of the present invention in- 
cludes a heat-generating member comprising a rotata- 
ble body having conductivity; and an exciting coil ar- 

50 ranged in opposition to the peripheral surface of the 
heat-generating member and adapted for allowing the 
heat-generating member to generate heat with electro- 
magnetic induction; the image heating device further in- 
cludes a core made of magnetic material arranged in a 

55 state in which the exciting coil is sandwiched between 
the core and the heat-generating member, wherein a 
part of the core is divided, thereby forming a movable 
portion and the movable portion is held movably with 
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respect to the remaining portion of the core. 
[0039] Furthermore, an image heating device accord- 
ing to a seventh configuration of the present invention 
includes a fixing belt; a pressure means that is pressed 
against the fixing belt to form a nip portion on the right 
side of the fixing belt: a heat-generating roller having at 
least a part composed of a conductive member and 
movably suspending the fixing belt; and an exciting coil 
arranged in opposition to the peripheral surface of the 
heat-generating roller via the fixing belt and adapted for 
allowing the heat-generating roller to generate heat by 
exciting the portion where the heat-generating roller is 
in contact with the fixing belt. According to the seventh 
configuration of the image heating device, heat is gen- 
erated at the portion where the heat-generating roller is 
in contact with the fixing belt, and the heat is conducted 
to the fixing belt immediately. Thus, it is not necessary 
to raise the temperature of the heat-generating roller 
more than necessary. Consequently, the warm-up time 
can be shortened. 

[0040] Furthermore, in the seventh configuration of 
the image heating device according to the present in- 
vention, it is preferable that the width of excitation in the 
direction in which the fixing belt moves is substantially 
the same as or not more than the width of the portion 
where the fixing belt is in contact with the heat-generat- 
ing roller. With such a preferred configuration, since only 
the portion that is in contact with the fixing be(t is heated 
in the heat-generating roffer, and it is possible to prevent 
the temperature of the heat-generating roller from being 
raised abnormally. 

[0041] Furthermore, in the seventh configuration of 
the image heating device according to the present in- 
vention, it is preferable that the image heating device 
further includes a temperature detecting means for de- 
tecting the temperature, which is arranged in contact 
with the surface of the heat-generating roller at a portion 
other than a portion where the heat-generating roller is 
in contact with the fixing belt; and a control means for 
controlling an output from the exciting coil in accordance 
with an output from the temperature detecting means. 
With such a preferred configuration, it is possible to 
maintain the temperature of the fixing belt at an optimum 
temperature. 

[0042] Furthermore, in the seventh configuration of 
the image heating device according to the present in- 
vention: it is preferable that an exciting current having a 
predetermined frequency is applied to the exciting coil, 
and the conductive member of the heat-generating roller 
has a thickness equal to or larger than the skin depth 
defined by the material thereof and the predetermined 
frequency. With such a preferred configuration, at a low 
temperature, almost all of the induced current can be 
generated inside the heat-generating roller, 
[Q0A3] Furthermore, an image heating device accord- 
ing to an eighth configuration of the present invention 
includes a fixing belt; a pressure means that is pressed 
against the fixing belt to form a nip portion on the right 
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side of the fixing belt; a heat-generating roller made of 
magnetic material whose Curie temperature is set to be 
a predetermined vafue and movably suspending the fix- 
ing belt; a conductive member provided inside the heat- 
5 generating roller: and an exciting coil arranged in oppo- 
sition to the peripheral surface of the heat-generating 
roller via the fixing belt and adapted for allowing the 
heat-generating roller to generate heat by exciting the 
portion where the heat-generating roller is in contact 
10 with the fixing belt. According to the eight configuration 
of the image heating device, since heat is generated at 
the portion where the heat-generating roller is in contact 
with the fixing belt, and the heat is conducted to the fixing 
belt immediately, it is not necessary to raise the temper- 
's ature of the heat-generating roller more than necessary. 
As a resuft, the warm-up time can be shortened. 
[0044] Furthermore, in the eighth configuration of the 
image heating device according to the present inven- 
tion, it is preferable that the conductive member is ar- 
20 ranged adiabatically with respect to the heat-generating 
roller. With such a preferred configuration, heat gener- 
ated at the heat-generating roller is not conducted to the 
conductive member easily. 

[0045] Furthermore,, in the eighth configuration of the 
25 image heating device according to the present inven- 
tion, it is preferable that an exciting current having a pre- 
determined frequency is applied to the exciting coil, and 
the heat-generating roller has a thickness equal to or 
fargerthan the skin depth defined by the materia/ thereof 
30 and the predetermined frequency. 

[0046] Furthermore, an image forming apparatus ac- 
cording to the present invention includes an image form- 
ing means for forming an unfixed image onto a recording 
. material and having the unfixed image carried thereon; 
35 and a fixing device for fixing the unfixed image onto the 
recording material wherein an image heating device ac- 
cording to the present invention is used as the fixing de- 
vice. 

40 Brief Description of Drawings 
[0047] 

Figure 1 is a cross-sectional view showing a fixing 
45 device as an image heating device according to a 
first embodiment of the present invention; 
Figure 2 is a partially cutaway plan view showing a 
heat-generating portion of a fixing device as an im- 
age heating device according to a first embodiment 
50 of the present invention: 

Figure 3 is a cross-sectional view showing a heat- 
generating portion of a fixing device as an image 
heating device according to a first embodiment of 
the present invention; 
55 Figure 4 is an equivalent circuit of a heat-generating 
portion of a fixing device as an image heating device 
according to a first embodiment of the present in- 
vention; 
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Figure 5 is a cross-sectional view showing a heat- 
generating portion of a fixing device as an image 
heating device according to a second embodiment 
of the present invention; 

Figure 6 is a bottom view showing a heat-generat- 5 
ing portion excluding a heat-generating roller of a 
fixing device as an image heating device according 
to a second embodiment of the present invention; 
Figure 7 is a cross-sectional view showing a heat- 
generating portion of a fixing device as an image io 
heating device according to a third embodiment of 
the present invention; 

Figure 8 is a cross-sectional view showing another 
example of a heat- generating portion of a fixing de- 
vice as an image heating device according to a third '5 
embodiment of the present invention; 
Figure 9 is across-sectional view showing an image 
forming apparatus using an image heating device 
as a fixing device according to a fourth embodiment 
of the present invention; 20 
Figure 1 0A is a cross-sectional view showing a fix- 
ing device as an image heating device according to 
a fourth embodiment of the present invention; 
Figure 1 0B is a cross-sectional view showing an- 
other example of a fixing device as an image heat- 25 
ing device according to a fourth embodiment of the 
present invention; 

Figure 1 1 is a projection plan view showing the heat- 
generating portion in Figure 1 0A as viewed from the 
direction of the arrow G; 30 
Figure 12 is a cross-sectionaf view showing a heat- 
generating portion in a surface including a rotation 
axis of a heat-generating roller of a fixing device as 
an image heating device and the center of an excit- 
ing coil according to a fourth embodiment of the 35 
present invention. 

Figure 1 3 is a cross-sectional view showing a heat- 
generating portion of a fixing device as an image 
heating device according to a fourth embodiment of 
the present invention; *o 
Figure 1 4 is a cross-sectional view showing a heat- 
generating roller of a fixing device as an image heat- 
ing device according to a fourth embodiment of the 
present invention; 

Figure 1 5 is a cross-sectional view showing a heat- 45 
generating portion of a fixing device as an image 
heating device according to a fifth embodiment of 
the present invention; 

Figure 1 6 is a cross-sectional view showing a heat- 
generating portion of a fixing device as an image so 
heating device according to a sixth embodiment of 
the present invention; 

Figure 1 7 is a projection plan view showing a heat- 
generating portion of a fixing device as an image 
heating device according a sixth embodiment of the 55 
present invention in Figure 16 as viewed from the 
direction of the arrow A; 

Figure 1 8 is a projection plan view showing another 



example of a heat-generating portion of a fixing de- 
vice as an image heating device according to a sixth 
embodiment of the present invention: 
Figure 19 is a cross-sectional view showing a heat- 
generating portion of a fixing device as an image 
heating device according to a seventh embodiment 
of the present invention; 

Figure 20 is a projection plan view showing a heat- 
generating portion of a fixing device as an image 
heating device according a seventh embodiment of 
the present invention in Figure 19 as viewed from 
the direction of the arrow A; 
Figure 21 is a cross-sectional view showing a heat- 
generating portion of a fixing device as an image 
heating device according to an eighth embodiment 
of the present invention; 

Figure 22 is a projection plan view showing a heat- 
generating portion a fixing device as an image heat- 
ing device according to an eighth embodiment of 
the present invention in Figure 21 as viewed from 
the direction of the arrow A; 

Figure 23 is a projection plan view showing a heat- 
generating portion of a fixing device as an image 
heating device according to a ninth embodiment of 
the present invention; 

Figure 24 is a cross-sectional view showing a heat- 
generating portion of a fixing device as an image 
heating device according to a ninth embodiment of 
the present invention; 

Figure 25 is a cross-sectional view showing another 
example of a heat-generating portion of a fixing de- 
vice as an image heating device according to a ninth 
embodiment of the present invention; 
Figure 26 is a cross-sectional view showing an im- 
age forming apparatus using an image heating de- 
vice as a fixing device according to a tenth embod- 
iment of the present invention; 
Figure 27 is a cross-sectional view showing a fixing 
device as an image heating device according to a 
tenth embodiment of the present invention; 
Figure 28 is a cross-sectional view showing a fixing 
belt used for a fixing device as an image heating 
device according to a tenth embodiment of the 
present invention; 

Figure 29 is a front view showing an exciting coil 
and a core member used for a fixing device as an 
image heating device according to a tenth embod- 
iment of the present invention; 
Figure 30 is a cross-sectional view showing a heat- 
generating roller used for a fixing device as an im- 
age heating device according to a tenth embodi- 
ment of the present invention; 
Figure 31 is a view to explain the flow of the mag- 
netic flux passing through the heat -generating roller 
used'for a fixing device as an image heating device 
at a low temperature according to a tenth embodi- 
ment of the present invention; 
Figure 32 is a view to explain the flow of the mag- 



9 



17 

netic flux passing through a heat-generating roller 
used for a fixing device as an image heating device 
at a high temperature according to a tenth embod- 
iment of the present invention; 
Figure 33 is a cross-sectional view showing a fixing 
device as an image heating device for fixing a color 
image according to an eleventh embodiment of the 
present invention; 

Figure 34 is a cross-sectional view showing a con- 
ventional image heating device; 
Figure 35 is a cross-sectional view showing another 
example of a conventional image heating device; 
Figure 36 is a perspective view showing a heating 
coil used for another example of a conventional im- 
age heating device; and 

Figure 37 is a cross-sectional view showing a fur- 
ther example of a conventional image heating de- 
vice. 

Best Mode for Carrying Out the invention 

[0048] Hereinafter, the present invention will be de- 
scribed more specifically by way of embodiments. 

[First Embodiment] 

[0049] Figure 1 is a cross-sectional view showing a 
fixing device as an image heating device according to a 
first embodiment of the present invention; and Figure 2 
is a partially cutaway plan view showing a heat-gener- 
ating portion of this fixing device. 
[0050] In Figures 1 and 2, reference numeral 1 de- 
notes a heat-generating roller as a heat-generating 
member, 2 denotes support side plates made of galva- 
nized sheet iron, and 3 denotes a bearing fixed to the 
support side plates 2 and rotatably supporting the heat- 
generating roller 1 at both ends thereof. The heat-gen- 
erating roller 1 is driven to be rotated by a driving means 
(not shown in the drawings) of the image forming appa- 
ratus main body. The heat-generating roller 1 is formed 
of a magnetic material, an iron — nickel — chromium al- 
loy, and has a Curie point that is adjusted to be 300°C 
or more. Furthermore, the heat-generating roller 1 is 
formed in a form of a pipe having a thickness of 0.3 mm. 
[0051] The surface of the heat-generating roller 1 is 
coated with a lubricant layer (not shown in the drawings) 
made of fluorocarbon resin of 20ujti thickness for en- 
hancing lubrication. For the lubricant layer, a resin or 
rubber having an excellent lubrication such as PTFE, 
PFA, FEP, a silicone rubber, a fluorocarbon rubber, etc. 
may be used alone or in combination. If the heat-gener- 
ating roller 1 is used to fix monochrome images, it is* suf- 
ficient that only the lubrication is ensured. However, if 
the heat-generating roller 1 is used to fix color images, 
it is desirable that the heat-generating roller 1 is provid- 
ed with elasticity. In this case, a thicker rubber layer is 
required to be, formed. 

[0052] Reference numeral 4 denotes a pressure roller 
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as a pressure means. This pressure roller 4 is made of 
silicone rubber having a hardness of JIS A65 degrees 
and is pressed against the heat-generating roller 1 with 
a pressing power of 20 kgf so as to form a nip portion. 

5 Then, in this state, the pressure roller 4 is rotated fol- 
lowing the rotation of the heat-generating roller 1 . More- 
over, for materials of the pressure roller 4, a heat resist- 
ant resin or rubber such as fluorocarbon rubber other 
than the silicone rubber, fluorocarbon resin, etc. may be 

10 used. Furthermore, in order to enhance abrasion resist- 
ance or lubrication of the pressure roller 4 , it is desirable 
that the surface of the pressure roller 4 is coated with a 
resin or rubber such as PFA, PTFE, FEP, etc. alone or 
in combination. Furthermore, it is desirable that the 

is pressure roller 4 is formed of a material having a low 
thermal conductivity in order to avoid heat radiation. 
[0053] Reference numeral 5 denotes an exciting coil 
as an exciting means. This exciting coil 5 is composed 
of a bundle of 60 copper wires of 0.2 mm diameter hav- 

20 ing an insulating surface, which are extended in the di- 
rection of the rotation axis of the heat-generating roller 
1 and circumferential ly wound along the circumferential 
direction of the heat-generating roller 1 . The cross-sec- 
tional area of the bundled wire including the insulating 

25 coating is about 7 mm 2 . 

[0054] On the cross section of the exciting roller 5 per- 
pendicular to the rotation axis of the heat-generating 
roller 1 , the bundled wires are arranged in close contact 
with each other in the circumferential direction of the 

30 heat-generating roller 1 , which are superimposed with 
a two-layer, so as to cover the upper half of the heat- 
generating roller 1. In this case of configuration, the 
neighboring bundled wires among all the bundled wires 
headed from one end portion of the heat-generating roll- 

35 er 1 toward the other end portion are arranged in close 
contact with each other, and the neighboring bundled 
wires among all the bundled wires headed from the oth- 
er end portion of the heat-generating roller 1 toward the 
one end portion are arranged in dose contact with each 

40 other. 

[0055] Moreover, the bundled wires extended in the 
direction of the rotation axis of the heat-generating roller 
1 and circumferentially wound along the circumferential 
direction of the heat-generating roller 1 does not neces- 
45 sarily begin to be wound from the portion closer to the 
center of winding, but the order of winding may be 
changed on the way. 

[0056] The winding number of the exciting coil 5 is 1 8 
in total. The surfaces of the bundled wires are adhered 

50 to each other with adhesive, thereby the shape of the 
exciting coil 5 shown in Figures 1 and 2 is maintained. 
Moreover, the exciting coil 5 is arranged in opposition to 
an outer peripheral surface of the heat-generating roller 
1 with a space of about 2 mm therebetween. The range 

55 in which the exciting coil 5 is faced to the outer peripheral 
surface of the heat-generating roller 1 is a wide range 
corresponding to a circular arc having an angle of about 
180° around the rotation axis as a center. 
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[0057] An alternating current of 30 kHz is applied to 
the exciting coif 5 from an exciting circuit 6, which is an 
antiresonant inverter. The alternating current applied to 
the exciting coil 5 is controlled so that the surface of the 
heat-generating roller 1 becomes a predetermined fix- 
ing temperature of 170°C by a temperature signal ob- 
tained by the temperature sensor 7 provided on the sur- 
face of the heat-generating roller 1 . Hereinafter, the al- 
ternating current applied to the exciting coil 5 also is re- 
ferred to as a "coil current." 

[0058] In this embodiment, A4 size recording paper 
(width: 21 0 mm) is used as a maximum width recording 
paper. The length of the heat-generating roller 1 in the 
direction of the rotation axis is set to be 270 mm, the 
length of the exciting coil 5 at the outerperipheral portion 
along the direction of the rotation axis of the heat-gen- 
erating roller 1 is set to be 230 mm, and the length of 
the exciting coil 5 at the inner peripheral portion along 
the direction of the rotation axis of the heat-generating 
roller 1 is set to be 200 mm. 

[0059] A recording paper 8 as a recording material 
carrying toner 10 on the surface thereof is inserted into 
the fixing device having a configuration mentioned 
above in the direction of the arrow , as shown in Figure 
1 , thereby fixing the toner 10 on the recording paper 8. 
[0060] In this embodiment, the exciting coil 5 is al- 
lowed to heat the heat-generating roller 1 with electro- 
magnetic induction. Hereinafter, the mechanism thereof 
will be described with reference to Figure 3. 
[0061] Magnetic flux generated by the exciting coil 5 
by an alternating current from the exciting circuit 6 (Fig- 
ure 2) penetrates the inside of the heat-generating roller 
1 in the circumferential direction as indicated by a bro- 
ken line M in Figure 3 due to the magnetization of the 
heat-generating roller 1 and repeats generation and an- 
nihilation. Such changes in the state of the magnetic flux 
induce an induced current in the heat-generating roller 
1 , which mainly flows through the surface of the heat- 
generating roller 1 due to the skin effect, thereby caus- 
ing Joule heat at the portion where it flows. 
[0062] In this embodiment, the exciting coil 5 is con- 
figured so that the neighboring bundled wires among all 
the bundled wires headed from one end portion of the 
heat-generating roller 1 toward the other end portion are 
arranged in close contact with each other, and the neigh- 
boring bundled wires among all the bundled wires head- 
ed from the other end portion of the heat-generating roll- 
er 1 toward the one end portion are arranged in close 
contact with each other. Therefore, the magnetic flux 
does not pass through between the bundled wires. Fur- 
thermore, in the central portion of the exciting coil 5, no 
bundled wire is present and space is provided forrhag- 
netic flux to pass through. Therefore, as indicated by the 
broken line M in Figure 3. the magnetic flux forms a large 
loop turning around the exciting coil 5. Furthermore, 
since the exciting coil 5 is provided facing to the heat- 
generating roller 1 in a wide range corresponding to a 
circular arc having an angle of about 180° around the 
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rotation axis of the heat-generating roller 1 as a center 
in the circumferential direction of the heat-generating 
roller 1 , the magnetic flux penetrates the wide range of 
the heat-generating roller 1 . Thereby, the heat-generat- 
5 ing roller 1 generates heat in the wide range. Thus, even 
if the coil current is small and the generated magnetic 
flux is small, it is possible to apply a predetermined elec- 
tric power to the heat-generating roller 1 . 
[0063] As mentioned above, since there is no mag- 
to netic flux that does not penetrate the heat-generating 
roller 1 and passes through between the bundled wires, 
the electromagnetic energy provided to the exciting coil 
5 is transmitted to the heat-generating roller 1 without 
leakage. Thus, even if the coil current is small, it is pos- 
^5 sible to apply a predetermined electric power to the 
heat-generating roller 1 efficiently. Furthermore, by ar- 
ranging bundled wires in close contact with each other, 
it is also possible to miniaturize the exciting coil 5. 
[0064] Furthermore, since the bundled wires of the 
exciting coil 5 are positioned in the vicinity of the heat- 
generating roller 1 , the magnetic flux generated by a coil 
current can be transmitted to the heat-generating roller 
1 efficiently. Then, the eddy current generated at the 
heat-generating roller 1 by this magnetic flux flows so 
that it cancels the change of the magnetic field due to 
the coil current. In this case, the coil current and the eddy 
current generated at the heat-generating roller 1 are 
close to each other, and the effect of canceling each oth- 
er is great. As a result, magnetic field generated in the 
peripheral space by the entire current is suppressed. 
[0065] Furthermore, since there is nothing to prevent 
heat from radiating from the outer periphery of the ex- 
citing coil 5. it is possible to prevent the insulating coat- 
ing of the wires from melting due to the temperature rise 
by a heat storage, or the resistance value of the exciting 
coil 5 from rising. 

[0066] Figure 4 shows an equivalent circuit of the ex- 
citing coil and the heat-generating roller in a state in 
which the exciting coil is opposed to the heat-generating 
roller. In Figure 4, r denotes a resistance of the exciting 
coil 5 itself; R denotes a resistance due to electromag- 
netic coupling of the exciting coil 5 and the heat-gener- 
ating roller 1 with both opposed to each other, and L 
denotes an impedance of the entire circuit. n r" is ob- 
tained by detaching the exciting coil 5 from the heat- 
generating roller 1 and measuring the electric resistance 
of the exciting coil 5 itself by the use of an LCR meter 
under the predetermined circular frequency co. R is ob- 
tained as a value excluding r from the electric resistance 
in a state in which the exciting coil 5 is allowed to be 
opposed to the heat-generating roller 1 . L is not so dif- 
ferent from the inductance of the exciting coil 5 itself. 
When the current I flows in this circuit, the product of the 
square of the current I and the resistance value is con- 
sumed as an effective electric power so that heat is gen- 
erated. The exciting coil 5 generates heat due to the 
electric power consumed by r; and the heat-generating 
roller 1 generates heat due to the electric power con- 
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FIG. 8 is a circuit diagram of the power supply 210 for 
induction heating and induction coils in cases where the 
induction heating element 207B shown in FIG. 7 is used. In 
FIG. 8. the power supply 210 for induction heating is 
provided with a power supply circuit 210A for feeding AC 5 
power only to the induction coil 209a, or to all the induction 
coils, switches 210B and 210C. and a switching control 
circuit 21 0D which controls switching between the switches 
210B and 210C. The switches 21 OB and 210C connect the 
induction coil 209a to the output lines LI and L2 of the 10 
power supply circuit 210Aor to the induction coils 210£ and 
210c. This connection establishes selective connection of 
the output lines LI and L2 to either induction coil 209a or 
a series circuit consisting of induction coils 209a through 
209c. The switching control circuit 210D generates control 15 
signals CI and C2 for switching between the switches 210B 
and 210C in response to a sheet size signal P indicating the 
sheet size. 

More concretely, in cases where the sheet size is indicated 
to be small, the switching control circuit 210D controls the 20 
switches 210B and 21 0C so that the induction coil 209a 
should be directly connected to the output lines LI and L2, 
and as a result only the induction coil 209a receives power 
via the power supply circuit 210A. This power is naturally 
lower than the power to be fed to drive all the induction 25 
coils. Power may be saved in this manner. On the other hand, 
in cases where the sheet size is indicated to be large, the 
switching control circuit 210D controls the switches 210B 
and 210C so that the series circuit consisting of the induction 
coils 209a through 209c should be connected to the output 30 
lines LI and L2, and as the result all the induction coils 
receive power via the power supply circuit 210A. 

In this way, the level of power to be supplied power 
supply circuit 210A is varied on the basis of the sheet size 
signal P, that is, the power supply circuit 210A reduces the 
power of the drive signal in accordance with a reduction of 
the size. 

The power supplied from the power supply circuit 210A 
is controlled by the output of the power supply control 
circuit 212, and the power varies depending on outputs from 
the temperature sensor 211 shown in FIG. 3. 

The use of the power supply 210 for induction heating is 
not restricted to the circuit of FIG. 8. For example, plurality 
of power supply circuits may be provided separately for 45 
supplying power to the respective induction coils 209a to 
209c, and the power supply circuit to be energized may be 
selected in response to the sheet size signal P. 

FIG. 9 is a cross sectional view which shows the fixing 
device according to a second embodiment of the present 50 
invention, and FIG. 10 is a front view thereof. This embodi- 
ment differs from the one shown in FIG. 3 and FIG. 4 with 
respect to the position of each of the induction heating 
element 270 and temperature sensor 221. Components other 
than the induction coils are constructed in almost the same 55 
manner as the corresponding components in the preceding 
embodiment. 

The induction heating element 270 is placed in* the heat 
roller 201 and located near the area of contact between the 
heat roller 201 and press roller 202. The curved surface of 60 
the insulating support 272 of the induction heating element 
270 faces the inner surface of the heat roller 201 with a slight 
space or contacts therewith. As shown in FIG. 10, the two 
ends of the induction heating element 270 in the direction of 
the axis of the heat roller 201 are secured to the laser printer 65 
of FIG. 2 via support members 218 and 219. The tempera- 
ture sensor 230 extends through the induction heating ele- 
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ment 270 to the vicinity of the heat roller 201 to detect its 
temperature. Lead wires connected with the induction coil 
271 and temperature sensor 230. respectively, are drawn out 
through the end faces of the heat roller 201 and connected 
to the power supply 210 for induction heating and power 
supply control circuit 212. 

In FIG- 10, a screw section 220 is formed at one end on 
the circumference of the heat roller 201. This screw section 
is connected to a rotation drive source 222 via a gear 221. 
Even if the heat roller 201 rotates, the induction heating 
element 270 does not rotate. 

In the second embodiment, since the induction heating 
element 270 is located adjacent to the fixing section, eddy 
currents are generated near the fixing section of the heat 
roller 201. Accordingly, Joule heat produced by the eddy 
currents are directly fed to the fixing section to establish high 
accuracy control of the fixing temperature. 

The frequency of the alternating current to be applied to 
the induction coil 271 may range from 100 Hz to 50 KHz, 
and is set to the lowest possible level within this range. This 
is because, if the frequency is higher, only the inner surface 
of the heat roller 201 is heated and thus, the heat does not 
conduct to the contact area between the heat roller 201 and 
press roller 202. 

The present invention is not restricted to the embodiments 
explained above and embraces all possible changes and 
modifications of the respective requisite constituents enu- 
merated in the appended claims. For example, the induction 
coils of the induction heating element may be wires or 
conductive films. In addition, although the cross section of 
the induction heating element is shaped as an arc according 
to the second embc<iiment, circle-section cylindrical induc- 
tion heating element may also be used. Furthermore, the 
temperature sensor may be located inside the press roller to 
detect the temperature near the fixing section. The heat roller 
may be formed of any material which is heated by the eddy 
currents. 

In the first and second embodiments, a power supply for 
induction heating is used as the drive circuit for generating 
a signal which triggers electromagnetic induction. The drive 
circuit, however, is not required to be a separate power 
supply circuit and may be a drive circuit which generates AC 
signals by means of power fed from another power supply 
circuit. Here, the power fed from another power circuit may 
be either direct or alternating. 

What is claimed: 

1. A fixing device for fixing an ink material on a recording 
medium by heating and pressing the recording material with 
said ink material applied thereon, which comprises: 

a heat roller constructed from a material which generates 

heat by eddy currents; 
an induction heating element which causes said heat roller 
to generate said eddy currents in said heat roller by 
electromagnetic induction; and 
pressing means for pressing said recording medium 

against said heat roller, 
wherein said induction heating element comprises: 
an insulating support having a curved surface which 
curves in accordance with a shape of said heating 
roller and faces closely to a surface of said heating 
roller; and a spiral conductive line which is secured 
to an entire area of said curved surface of said 
insulating support in a generally spiral arrangement 
over an entire width of said insulating support, said 
conductive line being provided with a current which 
causes said electromagnetic induction. 
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2. The fixing device as claimed in claim 1, wherein said 
curved surface of said insulating support faces to an outer 
surface of said heat roller. 

3. The fixing device as claimed in claim 1, wherein said 
curved-surface of said insulting support faces to an inner 
surface of said heat roller. 

4. The fixing device as claimed in claim 3, wherein said 
induction heating element is placed near a contact area 
between said heat Toiler and said pressing means. 

5. The fixing device as claimed in claim 1, wherein said 
conductive line is embedded in said insulating support 

6. The fixing device as claimed in claim 1, wherein said 
spiral conductive line is arranged so that spacings between 
respective lines of said spiral conductive line decrease 
toward the two lengthwise ends of said insulating support 

7. The fixing device as claimed in claim 1, wherein said 
insulating support is an arc-section insulating plate. 

8. A fixing device for fixing an ink material on a recording 
medium by heating and pressing the recording material with 
said ink material applied thereon, which comprises: 

a heat roller constructed from a material which generates 
heat by eddy currents; 

an induction heating element which causes said heat roller 
to generate said eddy currents in said heat roller by 
electromagnetic induction; 

a drive circuit for feeding a drive signal to said induction 
heating element to generate said electromagnetic 
induction; and 

pressing means for pressing said recording medium 
against said heat roller, 

wherein said induction heating element comprises: 
an insulating support having a curved surface which 
curves in accordance with a shape of said heating 
roller and faces closely to a surface of said hearing 
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roller; and a spiral conductive line which is secured 
to an entire area of said curved surface of said 
insulating support in a generally spiral arrangement 
over an entire width of said insulating support, said 
5 conductive line being provided with a current which 

causes said electromagnetic induction. 
9. The fixing device as claimed in claim 8, wherein said 
conductive line comprises a plurality of conductive line 
groups which are arrange along the lengthwise direction of 
10 said insulating support and are independent from each other, 
and said drive circuit supplies said drive signal to said 
conductive line group selected depending on a size of said 
recording medium, 
5 10. The fixing device as claimed in claim 9, wherein said 
drive circuit comprises select means for selecting said 
conductive line group in accordance with the size of said 
recording medium, and supply means for supplying said 
drive signal to the selected conductive line group. 
^ 11. The fixing device as claimed in claim 10, wherein said 
supply means reduces a power of said drive signal in 
accordance with a reduction of the size of said recording 
medium 

12. The fixing device as claimed in claim 8, which further 
25 comprises: 

a temperature sensor for detecting the temperature of said 
heat roller heated by said eddy currents; and 

a control circuit which controls the strength of said signal 
from said drive circuit, depending on the output of 
30 detection by said temperature sensor. 

13. The fixing device as claimed in claim 8, wherein said 
drive signal is an alternating current whose frequency is 
ranged between 100 Hz and 50 KHz. 

* - * * * * 
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sumed by R. This relationship is expressed by the fol- 
lowing formula (1) when W denotes an electric power 
applied to the heat-generating roller 1 : 

W=(R+r)xl 2 (1) 

[0067] Furthermore, when V denotes a voltage ap- 
plied to the exciting coil 5, the following formula (2) is 
satisfied: 

l=V/{(R+r) 2 + (coL) 2 } (2) 

[0068] As is known from the above-mentioned formu- 
la (2), when L and R are too large, sufficient current I 
cannot be obtained under a constant voltage V. There- 
fore, as is known from the above-mentioned formula (1 ), 
the electric power applied to the heat generating roller 
1 is lacking, so that a sufficient amount of heat genera- 
tion cannot be obtained. On the contrary, if R is too 
small, even if the current I flows, the effective electric 
power is not consumed, and therefore, a sufficient 
amount of heat generation cannot be obtained. Further- 
more, when L is too small, the exciting circuit 6 that is 
an antiresonant inverter does not operate satisfactorily. 
In the case where the frequency of the alternating cur- 
rent applied from the exciting circuit 6 to the exciting coil 
5 is in the range from 25 kHz to 50 kHz, R may be not 
less than 0.5 Q. nor more than 5 Q, and L may be not 
less that 10u.H nor more than 50 u.H. In this case, the 
exciting circuit 6 can be configured by the circuit element 
having not such a high breakdown current and break- 
down voltage, and a sufficient electric power applied to 
the heat-generating roller 1 and a sufficient amount of 
heat generation can be obtained. Furthermore, as long 
as the values R and L are within this range, the same 
effect can be obtained even if the specification of the 
exciting coil 5, for example, the winding number of the 
exciting coil 5, a space between the exciting coil 5 and 
the heat-generating roller 1 , and the like, are changed. 
[0069] Moreover, in this embodiment, as mentioned 
above, although the bundled wire of the exciting coil 5 
is formed by bundling 60 wires each having 0.2 mm di- 
ameter, the configuration of the bundled wire is not lim- 
ited to this alone. However, it is desirable that 50 to 200 
wires each having 0.1 mm to 0.3 mm diameter are bun- 
dled to form a bundled wire. If the diameter of the wire 
is less than 0.1 mm, the wire may be broken due to the 
mechanical load. On the other hand, if the diameter of 
the wire is more than 0.3 mm, the electric resistance (r 
in Figure 4) with respect to high frequency alternating 
current becomes large, and the amount of heat gener- 
ation of the exciting coil 5 is excessively large. Further- 
more, if the number of the wires constituting the bundled 
wire is less than 50. the cross sectional area becomes 
small, so that the electric resistance becomes large, and 



thus the exciting coil 5 generates excessive heat. On 
the other hand, if the number of the wires constituting a 
bundled wire is more than 200, the bundle becomes 
thick, which makes it difficult to wind the exciting coil 5 
5 into an arbitrary shape, and also difficult to obtain a pre- 
determined winding number in the predetermined 
space. By setting the diameter of the bundled wire at 
approximately 5 mm or less, the above-mentioned prob- 
lems can be avoided. Thereby, since it is possible to in- 
fo crease the winding number of the exciting coil 5 in a 
small space, the necessary electric power can be ap- 
plied to the heat-generating roller 1 with the exciting coil 
5 miniaturized. 

[0070] The circumferentially winding bundled wires of 

15 the exciting coil 5 may be partially spaced from each 
other. However, it is more efficient that most of the bun- 
dled wires are arranged in close contact with each other. 
Furthermore, the circumferentially winding bundled 
wires of the exciting coil 5 may be configured by partially 

20 varying the way of superimposing. However, when the 
exciting coil 5 is lower in height, more electric power can 
be applied to the heat-generating roller 1 with a smaller 
electric current. As the shape of the exciting coil 5, it is 
desirable that the width of the exciting coil 5 circumfer- 

25 entially wound along the circumferential direction of the 
heat-generating roller 1 (the length in the circumferential 
direction) is larger than the height of the exciting coil 5 
(thickness of the superimposed bundled wires). 
[0071] Furthermore, when the length of the exciting 

30 coil 5 in the direction of the rotation axis of the heat- 
generating roller 1 is longer than the length of the heat- 
generating roller 1, the magnetic flux penetrates the 
conductive member at the end portion of the heat-gen- 
erating roller 1 , for example, the side plate 2. Therefore, 

35 the surrounding constituent members generate heat, 
and the transmission rate of the e lectromagnetic energy 
to the heat-generating roller 1 is reduced. In this embod- 
iment, the length of the heat-genorating roller 1 is longer 
than the length of the exciting coil 5 in the direction of 

40 the rotation axis of the heat-generating roller 1 . There- 
fore, the magnetic flux generated by the coil current 
does not reach the surrounding constituent member 
such as the side plate 2, and most of the magnetic fluxes 
reach the heat-generating roller 1 . Thereby, electromag- 

45 netic energy provided to the exci ting coil 5 can be trans- 
mitted to the heat-generating roller 1 efficiently. In par- 
ticular, when the magnetic flux passes through from the 
end face of the heat-generating roller 1 in the direction 
of the rotation axis, the density of the eddy current at 

50 the end face of the heat-generating roller 1 is increased. 
In this case, the amount of heat generation at the end 
face of the heat-generating roller 1 becomes too large. 
[0072] In this embodiment, as mentioned above, the 
length of each part in the direction of the rotation axis of 

55 the heat-generating roller 1 is increased in the following 
order; the internal periphery portion of the exciting coil 
5, the maximum width recording paper, the outer periph- 
ery portion of the exciting coil 5, an»d the heat-generating 
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roller 1 . Furthermore, the bundled wires of the exciting 
coil 5 are extended in the direction of the rotation axis 
of the heat-generating roller 1 in parallel and uniformly 
at the portion where the recording paper 8 passes 
through. Therefore, it is possible to make the distribution s 
of heat generation of the heat-generating roller 1 to be 
uniform in the portion where the recording paper 8 pass- 
es through. As a result, it is possible to make the tem- 
perature distribution at the fixing portion to be uniform, 
and thus the stable fixing operation can be obtained. io 

[Second Embodiment] 

[0073] Figure 5 is a cross-sectional view showing a 
heat-generating portion of a fixing device as an image 15 
heating device according to a second embodiment of 
the present invention. Figure 6 is a bottom view showing 
a heat-generating portion excluding a heal-generating 
roller in the fixing device according to a second embod- 
iment of the present invention. In this embodiment, 20 
members having the same configuration and the same 
function as in the first embodiment are provided with the 
same numerals and the explanations therefor are omit- 
ted. 

[0074] This embodiment is different from the first em- 25 
bodiment in that the bundles are circumferentially 
wound along the circumferential direction of the heat- 
generating roller 1 without superimposing bundles in the 
form of two layer and a pair of rear face cores 9 are pro- 
vided on the rear side of the exciting coil 5. so 
[0075] As a material for the rear face core 9, ferrite 
having a relative permeability of 1000 to 3000, a satu- 
ration magnetic flux density of 200 mT to 300 mT, and 
a volume resistivity of 1 Q-m to 10 Q-m is used. As the 
material for the rear face core 9, in addition to ferrite, a 35 
material having a high magnetic permeability and high 
resistivity, for example, Permalloy : etc. can be used. 
[0076] The cross section of the rear face core 9 has 
a shape obtained by cutting the cylinder having an outer 
diameter of 36 mm and thickness of 5 mm with an angle 40 
at about 90° in the direction of axis. Therefore, the cross 
sectional area of the rear face core 9 is 243 mm 2 . Fur- 
thermore, the cross-sectional area of the exciting coil 5 
is 7 mm 2 x 9 windings X 2 = 126 mm 2 . 
[0077] The heat-generating roller 1 is formed in a pipe 45 
form having an outer diameter of 20 mm and the thick- 
ness of the 0.3 mm. Therefore, the cross sectional area 
of the surface perpendicular to the rotation axis inside 
the heat-generating roller 1 is about 295 mm 2 . There- 
fore, the cross sectional area of the exciting coil 5 in- so 
eluding the rear face core 9 is larger than the cross-sec- 
tional area of the surface perpendicular to the rotational 
axis inside the heat-generating roller 1 . The space be- 
tween the rear face core 9 and the heat-generating roller 
1 is 5.5 mm. 55 
[0078] Furthermore, in this embodiment, as recording 
paper having a maximum width . A4 size recording paper 
(width: 210mm) is used. The length of the heat-gener- 
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ating roller 1 in the direction of the rotation axis is set to 
be 240 mm, the length of the outer periphery portion of 
the exciting coil 5 along the direction of the rotation axis 
of the heat-generating roller 1 is set to be 200 mm, the 
length of the inner peripheral portion of the exciting coil 
5 along the direction of the rotation axis of the heat-gen- 
erating roller 1 is set to be 170 mm, and the length of 
the rear face core 9 along the direction of the rotation 
axis of the heat-generating roller 1 is set to be 220 mm. 
A bearing 3 (see Figure 2) serving as a support member 
of the heat-generating roller 1 is made of steel that is a 
magnetic material. The space between the bearing 3 
and the rear face core 9 is 1 0 mm, which is larger than 
the space between the rear face core 9 and the heat- 
generating roller 1 . 

[0079] Other configurations are the same as in the 
first embodiment. 

[0080] Hereinafter, an operation of the fixing device 
configured as mentioned above will be described. 
[0081] By providing the rear face core 9, the induct- 
ance of the exciting coil 5 is increased and the electro- 
magnetic coupling between the exciting coil 5 and the 
heat-generating roller 1 becomes excellent. Conse- 
quently, R in the equivalent circuit of Figure 4 becomes 
large. Therefore, it is possible to apply a larger amount 
of electric power to the heat-generating roller 1 with the 
same coil current. Therefore, by the use of an inexpen- 
sive exciting circuit 6 having low breakdown current and 
breakdown voltage (see Figure 2). it is possible to pro- 
vide a fixing device with a short warm-up time. 
[0082] Furthermore, as shown by a broken line M in 
Figure 5, all of the magnetic flux at the rear face side of 
the exciting coil 5 penetrates the inside of the rear face 
core 9, and it is possible to prevent the magnetic flux 
from leaking out backward. As a result, it is possible to 
prevent the heat generation due to the electromagnetic 
induction of the peripheral conductivity material and at 
the same time to prevent the unnecessary radiation of 
electromagnetic wave. 

[0083] Furthermore., since the circumferentially 
wound bundled wires are not superimposed onto each 
other, all of the bundled wires of the exciting coil 5 are 
located in the vicinity of the heat-generating roller 1. 
Therefore, a magnetic flux generated by the coll current 
can be transmitted to the heat-generating roller 1 further 
efficiently. 

[0084] In this embodiment, since the exciting coil 5 
and the rear face core 9 are provided outside the heat- 
generating roller 1 (heat-generating portion), it is possi- 
ble to prevent the temperature of the exciting coil 5, etc. 
from being increased dueto the temperature of the heat- 
generating portion. Therefore, it is possible to maintain 
the amount of the heat generation stably. In particular, 
since the exciting coil 5 and the rear face core 9 having 
a larger cross sectional area than that of the surface per- 
pendicular to the rotational axis inside the heat-gener- 
ating roller 1 are used, it is possible to use a combination 
of the heat-generating roller 1 having a small thermal 
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capacity, the exciting coil 5 whose winding number is 
many, and an appropriate amount of ferrite (the rear face 
core 9). Therefore, it is possible to apply much more 
electric power to the heat-generating roller 1 with a pre- 
determined coil current while suppressing the thermal 
capacity of the fixing device. 

[0085] In this embodiment, as mentioned above, the 
length of each part in the direction of the rotation axis of 
the heat-generating roller 1 is increased in the following 
order; the internal peripheral portion of the exciting coil 
5, the outer peripheral portion of the exciting coil 5, the 
maximum width recording paper, the rear face core 9, 
and the heat-generating roller 1 . Like this, the length of 
the outer peripheral portion of the exciting coil 5 along 
the direction of the rotation axis of the heat-generating 
roller 1 is set to be smaller than the width of the maxi- 
mum width recording paper, while the length of the rear 
face core 9 along the direction of the rotation axis of the 
heat-generating roller 1 is set to be larger than the width 
of the maximum width recording paper. Therefore, even 
if the exciting coil 5 is wound somewhat nonuniformly, it 
is possible to make the magnetic field reaching from the 
exciting coil 5 to the heat-generating roller 1 to be uni- 
form in the direction of the rotation axis of the heat-gen- 
erating roller 1 . Therefore, it is possible to make the dis- 
tribution of heat generation of the heat-generating roller 
1 to be uniform in the portion where the recording paper 
passes through. Thereby, it is possible to make the tem- 
perature distribution at the fixing portion to be uniform, 
and thus the stable fixing operation can be obtained. 
Furthermore, it is possible to shorten the length of the 
heat-generating roller 1 in the direction of the rotation 
axis thereof and the length of the exciting coi\ 5 along 
the direction of the rotation axis of heat-generating roller 
1 while making the distribution of heat generation of the 
heat-generating roller 1 to be uniform, it is possible to 
realize a miniaturization of the device and at the same 
time to reduce the cost. Furthermore, since the length 
of the rear face core 9 along the direction of the rotation 
axis of the heat-generating roller 1 is shorter than the 
length of the heat-generating roller 1 in the direction of 
the rotation axis thereof, it is possible to prevent the ed- 
dy current density at the end face of the heat-generating 
roller 1 from being increased and the heat generation at 
the end face of the heat-generating roller 1 from being 
excessively increased. 

[0086] Furthermore, as mentioned above, as the 
bearing 3 (see Figure 2) that is a support member of the 
heat-generating roller 1 , in order to secure the mechan- 
ical strength, steel having a magnetism generally is 
used. Therefore, the magnetic flux generated by the coil 
current is attracted by the bearing 3 easily. Thus, heat 
is generated when the magnetic flux penetrates the 
bearing 3. Therefore, the rate of transmitting the elec- 
tromagnetic energy to the heat-generating roller 1 is re- 
duced, and at the same time, the temperature of the 
bearing 3 is increased, to thus shorten the life of the 
bearing 3. In this embodiment, as mentioned above, 
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since the space between the bearing 3 and the end face 
of the rear face core 9 is set to be larger than the facing 
space between the rear face core 9 and the heat-gen- 
erating roller 1, the magnetic flux penetrating the rear 

5 face core 9 is not led to the bearing 3. Most of them 
penetrate the heat-generating roller 1 . Thereby, it is pos- 
sible to transmit the electromagnetic energy provided to 
the exciting coil 5 to the heat-generating roller t efficient- 
ly and at the same time to prevent heat from radiating 

10 to from the bearing 3. 

[0087] It is satisfactory that the space between the 
bearing 3 and the rear face core 9 (in this embodiment 
1 0 mm) is larger than the facing space between the rear 
face core 9 and the heat-generating roller 1 (in this em- 

<5 bodiment 5.5 mm). It is desirable that the former space 
is two times larger than the latter space. 
[0088] Furthermore, since the thickness of the rear 
face core 9 is uniform, the heat is not stored locally in- 
side the rear face core 9. Furthermore, since there is 

20 nothing to prevent heat from radiating from the outer pe- 
ripheral portion of the rear face core 9, it is possible to 
prevent the entire magnetic permeability from rapidly re- 
ducing due to the reduction of the saturation magnetic 
flux density of the rear face core 9 by temperature rise 

25 by the heat storage. Thereby, the temperature of the 
heat-generating roller 1 can be maintained stably at the 
predetermined temperature for a long time. 

[Third Embodiment] 

30 

[0089] Figure 7 is a cross-sectional view showing a 
heat-generating portion of a fixing device as an image 
heating device according to a third embodiment of the 
present invention. In this embodiment, members having 

35 the same configuration and the same function as in the 
second embodiment are provided with the same numer- 
als and the explanations therefor are omitted. 
[0090] This embodiment is different from the second 
embodiment in that, as shown in Figure 7, the rear face 

40 core 9 is extended to the range in which the exciting coil 
5 is not present and an "opposing portion F" is opposed 
to the heat-generating roller 1 without sandwiching the 
exciting coil 5 between the rear face core 9 and the heat- 
generating roller 1. Hereinafter, the portion that is op- 

45 posed to the heat-generating roller 1 via the exciting coil 
5 in the rearface core 9 will be referred to as a "magnetic 
permeable portion T\ Moreover, the cross section of the 
rear face core 9 has a shape in which the cylinder is cut 
off in the axis direction with an angle of 180°. 

50 [0091] In this case, the magnetic path can be com- 
posed of more ferrite (rear face core 9). Therefore, an 
air portion having a low magnetic permeability in which 
the magnetic flux generated by the coil current passes 
through is limited to the narrow gap portion between the 

55 heat-generating roller 1 and the rear face core 9. Ac- 
cordingly, the inductance of the exciting coil 5 is in- 
creased, and almost all of the magnetic fluxes generat- 
ed by the coil current can be led to the heat-generating 
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roller 1 . As a result, it is possible to obtain an excellent 
electromagnetic coupling between the heat-generating 
roller 1 and the exciting coil 5, and'R in the equivalent 
circuit of Figure 4 is larger. Thereby, more electric power 
can be applied to the heat-generating roller 1 even with 
the same coil current. 

[0092] Furthermore, as shown by a broken line M in 
Figure 7, the magnetic flux led from the rear face core 
9 to the heat-generating roller 1 passes through the op- 
posing portion F. The length of the opposing portion F 
along the direction of the rotation axis of the heat-gen- 
erating roller 1 is the same as the length of the rear face 
core 9 along the direction of the rotation axis of the heat- 
generating roller 1 , and is longer than the width of the 
recording paper. Therefore, in the portion where the re- 
cording paper passes, the magnetic flux enters uniform- 
ly from the opposing portion F. Therefore, it is possible 
to heat uniformly the range necessary to fixation of the 
heat-generating roller 1. 

[0093] In this embodiment, the exciting coil 5 is ar- 
ranged at the opposite side to the heat-generating roller 
1 of the rear face core 9. However, as shown in Figure 
8, the exciting coil 5 may be configured by extending 
and circumferentially winding the bundled wires in the 
axis direction of the semicylindrical rear face core 9 and 
winding the bundled wires along the circumferential di- 
rection of the rear face core 9. In this case, the magnetic 
flux generated by the coil current permeates not only the 
side of the exciting coil 5 of the heat-generating roller 1 
but also the side of the pressure roller of the heat-gen- 
erating roller 1 (see a broken line (VT in Figure 8). As a 
result, the entire generating roller 1 is heated. Therefore, 
it is possible to increase the entire amount of heat gen- 
eration with the same coil current. Furthermore, since 
the cross sectional area where the magnetic flux pene- 
trates is increased, even if more magnetic flux is allowed 
to penetrate the heat-generating roller 1, the magnetic 
flux is not beyond the saturation magnetic flux density 
of the heat-generating roller t . Therefore, since it is pos- 
sible to prevent the magnetic flux from passing through 
a space other than the heat-generating roller 1 , the heat- 
generating roller 1 is heated efficiently with electromag- 
netic induction. 

[Fourth Embodiment] 

[0094] Figure 9 is a cross-sectional view showing an 
image forming apparatus using an Image heating device 
as a fixing device according to a fourth embodiment of 
the present invention; Figure 1 0A is a cross-sectional 
view showing a fixing device as an image heating device 
according to a fourth embodiment of the present inven- 
tion; Figure 11 is a projection plan view showing the 
heat-generating portion in Figure 10A as viewed from 
the direction of the arrow G; and Figure 12 is a cross- 
sectional view showing a heat-generating portion in a 
surface including a rotation axis of a heat-generating 
roller and the center of a exciting coil. 
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[0095] In Figure 9, reference numeral 11 denotes an 
electrophotographic photoreceptor (hereinafter referred 
to as "photosensitive drum"). While this photosensitive 
drum 1 1 is rotationally driven at the predetermined pe- 

s ripheral speed in the arrow direction, its surface is 
charged homogeneously to a negative dark potential V0 
by a charger 12. Reference numeral 13 denotes a laser 
beam scanner. The laser beam scanner outputs a laser 
beam 14 modulated in accordance with a time-series 

10 electric digital pixel signal of image information input 
from a host device (not shown in the drawings) such as 
an image reading device or a computer etc. The surface 
of the charged photosensitive drum 11 is scanned and 
exposed by this laser beam 1 4. Thereby, in the exposed 

is portion of the photosensitive drum 11 , the absolute po- 
tential is decreased to the light potential VL, and thus 
an electrostatic latent image is formed. This latent image 
is developed with negatively charged toner using a de- 
veloping device 15 and made manifest. 

20 [0096] The developing device 15 is provided with a 
developing roller 16 that is driven to be rotated. The de- 
veloping roller 1 6 is opposed to the photosensitive drum 

I . On an outer peripheral surface of the developing roller 
16, a thin layer of toner is formed. A developing bias 

25 voltage, whose absolute value is lower than the dark po- 
tential V0 and higher than the light potential VL of the 
photoelectric drum 1 . is applied to the developing roller 
16. The toner on the developing roller 16 is thus trans- 
ferred only to the portion of the photosensitive drum 11 

30 with the light potential VL, whereby the electrostatic la- 
tent image is made manifest. 

[0097] On the other hand, recording paper 8 is fed one 
by one from a paper-feed portion 1 7 to a nip portion 
formed between the photosensitive drum 1 1 and a trans- 

35 fer roller 1 9 via a resist roller pair 1 8 with suitable timing 
in synchronization with the rotation of the photosensitive 
drum 11. Then, the toner image on the photosensitive 
drum 11 is transferred sequentially to the recording pa- 
per 8 by the transfer roller 1 9 to which a transfer bias is 

40 applied. After the recording paper 8 has separated from 
the photosensitive drum 1 1 , the surface of the photosen- 
sitive drum 11 is cleaned with a cleaning device 20, 
which removes residual material such as remaining ton- 
er so that the photosensitive drum 11 can be used re- 

45 peatedly for subsequent image formation. 

[0098] Reference numeral 21 denotes a paper fixing 
guide, which guides the recording paper 8 on which the 
toner image has been transferred to a fixing device 22. 
After the recording paper 8 carrying the transferred ton- 

50 er image has separated from the photosensitive drum 

II , it is fed to the fixing device 22, thus fixing the trans- 
ferred toner image onto the recording paper 8. 
Reference numeral 23 denotes a paper eject guide, 
which guides the recording paper 8 that has passed 

55 through the fixing device 22 to the outside of the image 
forming apparatus. These paper fixing guide 21 and pa- 
per eject guide 23 may be made of resin such as ABS, 
etc. These paper fixing guide 21 and paper eject guide 
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23 are also made of non-magnetic metallic material 
such as aluminum, etc. The recording paper 8 : after the 
toner image has been fixed., is then discharged to a pa- 
per eject tray 24. 

[0099] Reference numeral 25 denotes a bottom plate 
of the image forming apparatus main body, 26 denotes 
a top plate of the image forming apparatus main body, 
and 27 denotes a main body chassis. These members 
provide strength for the image forming apparatus main 
body in combination. These members are made of gal- 
vanized material, which comprises a steel that is a mag- 
netic material as a base. 

[0100] Reference numeral 28 denotes a cooling fan, 
which generates an air stream inside the apparatus. 
Reference numeral 29 denotes a coil cover that serves 
as a shielding member made of non-magnetic metallic 
material such as aluminum. This coil cover 29 is formed 
so as to cover the rear face core 9 of the exciting coil 5 
(see Figure 10A). 

[0101] Next, a fixing device as an image heating de- 
vice of this embodiment will be described in detail. 
[01 02] In Figure 1 0A, a thin fixing belt 31 is an endless 
belt of 50 mm diameter and 100 u,m thickness, which 
includes polyimide resin as a base. The surface of the 
fixing belt 31 is coated with a lubricant layer (not shown 
in the drawings) made of fluorocarbon resin of 20 u,m 
thickness, for enhancing lubrication. For the base ma- 
terial, in addition to a material having a heat resistance, 
such as polyimide resin, fluorocarbon resin, or the like, 
an extremely thin metal made of electroforming nickel 
etc. may be used. Furthermore, for the lubricant layer, 
resin or rubber having an excellent lubrication such as 
PTFE, PFA, FEP, a silicone rubber, a fluorocarbon rub- 
ber, etc. may be used alone or in combination. If the fix- 
ing belt 31 is used to fix monochrome images, only lu- 
brication has to be ensured. However, if the fixing belt 
31 is used to fix color images, it is desirable that the 
fixing belt 31 is provided with elasticity. In this case, it is 
necessary to form a thicker rubber layer. 
[0103] The exciting coil 5 as an exciting means is 
composed of a bundle of 60 copper wires of a 0.2 mm 
diameter having an insulated surface, which are extend- 
ed along the rotation axis of the heat-generating roller 
1 and circumferentially wound along the circumferential 
direction of the heat-generating roller 1 . The cross sec- 
tional area of the bundled wire including the insulating 
coating is about 7 mm 2 . 

[0104] As shown in Figure 10A to Figure 12, the ex- 
citing coil 5 has a cross-section so as to cover the fixing 
belt 31 that is wound around the heat-generating roller 
1 . In this case, the exciting width of the exciting coil 5 in 
the direction in which the fixing belt 31 moves is not more 
than the range in which the fixing belt 31 is in contact 
with the heat-generating roller 1 (the range of winding). 
In the heat-generating roller 1 , if a portion where the heat 
is not removed by the fixing belt 31 generates heat, the 
temperature of the heat-generating roller 1 easily rises 
beyond the withstanding temperature of the material of 
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the fixing belt 31. However, according to the configura- 
tion of this embodiment, in the heat-generating roller 1, 
only the portion where the fixing belt 31 is in contact with 
the heat-generating roller 1 generates heat, it is possible 
5 to prevent the temperature of the heat-generating roller 
1 from increasing abnormally. Furthermore, the bundled 
wires are superimposed only at the both end portions of 
the exciting coil 5 (both end portions in the direction of 
the rotation axis of the heat-generating axis 1) and cir- 
10 cumferentiafly wound nine times in state in which they 
are arranged in close contact with each other along the 
circumferential direction of the heat-generating roller 1 . 
The both end portion of the exciting coil 5 in the direction 
of the rotational axis of the heat-generating roller 1 are 
15 risen up in a state in which the bundled wires are super- 
imposed in two rows. In other words, the exciting coil 5 
is formed in a shape of saddle as a whole. Therefore, it 
is possible to heat the heat-generating roller 1 uniformly 
in a wider range in the direction of the rotation axis there- 
to of. Moreover, since the bundled wire that are superim- 
posed at the both end portions of the exciting coil 5 is 
apart from the heat-generating roller 1 by an increasing 
distance, it is possible to prevent the temperature of both 
end portions of the heat-generating roller 1 from increas- 
es jng too high locally due to the concentration of an eddy 
current. 

[0105] The rear face core 9 includes a C-shaped core 
32 and a center core 33. The C-shaped core 32 has a 
width of 10 mm, and the seven C-shaped cores 32 are 

so arranged with an interval of 25 mm in the direction of the 
rotation axis of the heat-generating roller 1 . According 
to this configuration, it is possible to capture magnetic 
flux that leaks to the outside. Furthermore, the center 
core 33 is located in the center of the winding of the ex- 

35 citing coil 5 and forms a convex portion with respect to 
the C-shaped core 32. That is : the center core 33 makes 
an adjacent portion N to the heat-generating roller 1 in 
the opposing portion F of the rear face core 9 (see Figure 
13). The center core 33 has a cross-sectional area of 3 

40 mm x 10 mm. 

[0106] In addition, the center core 33 may be divided 
into several portions in the direction of the rotation axis 
of the heat-generating roller 1 for facilitating the manu- 
facturing process of ferrite. Furthermore, the center core 

45 33 may be integrated into the C-shaped core 32. Fur- 
thermore, the center core 33 may be integrated into the 
C-shaped core 32 and divided into several portions in 
the direction of the rotation axis of the heat-generating 
roller 1 . 

so [0107] Reference numeral 34 denotes a heat insulat- 
ing member of 1 mm thickness made of resin having a 
high withstanding temperature, such as PEEK material 
or PPS etc. At both end portions of the heat insulating 
member 34, there are provided both ends holding por- 

55 tions 34a for holding risen portions at the both end por- 
tions of the exciting coil 5 in the direction of the rotation 
axis of the heat-generating roller 1 . Thereby, it is possi- 
ble to prevent the risen portions at the both end portions 
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of the exciting coil 5 from falling down and to determine 
the outside position of the exciting coil 5. 
[0108] Material of the rear face core 9 is the same as 
in the second embodiment. The shape of the cross sec- 
tion of the rear face core 9 including the C-shaped core 
32 and the shape of the heat-generating roller 1 are also 
the same as in the above-mentioned second embodi- 
ment except the center core 33. Therefore, similarly to 
the above-mentioned second embodiment, the cross 
sectional area of the exciting coil 5 including the rear 
face core 9 is larger than the cross-sectional area of the 
surface perpendicular to the rotational axis inside the 
heat-generating roller 1 . 

[0109] The alternating current applied from the excit- 
ing circuit 6 (see Figure 2) to the exciting coil 5 is the 
same as in the above-mentioned first embodiment. The 
alternating current applied to the exciting coil 5 is con- 
trolled by the temperature signal obtained by the tem- 
perature sensor provided on the surface of the fixing belt 
31 so that the temperature of the fixing belt 31 is set to 
be 190°C, which is a predetermined fixing temperature. 
[0110] As shown in Figure 10A : the fixing belt 31 is 
suspended with a predetermined tensile force between 
the heat-generating roller 1 of 20 mm diameter and a 
fixing roller 35 of 20 mm diameter, with low thermal con- 
ductivity, whose surface is made of elastic foamed sili- 
cone rubber with. low hardness (JISA 30 degrees) and 
is rotationally movable in the direction of the arrow B. 
Herein, on both ends of the heat-generating roller 1 , rib 
(not shown in the drawings) are provided for preventing 
snaking of the fixing belt 31. Furthermore, a pressure 
roller 4 as a pressure means is pressed against the fix- 
ing roller 35 via the fixing belt 31 , thereby forming a nip 
portion. 

[0111] In this embodiment, A4 size recording paper 
(width: 210 mm) is used as a maximum width recording 
paper. The width of the fixing belt is set to be 230 mm, 
the length of the heat-generating roller 1 in the direction 
of the rotation axis is set to be 260 mm, the length be- 
tween the outer-most edges of the rear face core 9 in 
the direction of the rotation axis of the heat-generating 
roller 1 is set to be 225 mm, the length of the circumfer- 
entially wound exciting coil 5 at the outer peripheral por- 
tion along the direction of the rotation axis of the heat- 
generating roller 1 is set to be 245 mm, and the length 
of the heat insulating member 34 along the direction of 
the rotation axis of the heat-generating roller 1 is set to 
be 250 mm. 

[0112] In this embodiment, the exciting coil 5. the rear 
face core 9 and the heat-generating roller 1 are config- 
ured as mentioned above, and the exciting coil 5 heats 
the heat-generating roller 1 with electromagnetic induc- 
tion. Hereinafter, the mechanism thereof will be de- 
scribed with reference to Figure 13. 
[01 1 3] As shown in Figure 1 3, the magnetic flux gen- 
erated by the coil current enters the heat-generating roll- 
er 1 from the opposing portion F of the rear face core 9. 
In this case, the magnetic flux generated by the coil cur- 
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rent penetrates the heat-generating roller 1 in its circum- 
ferential direction as indicated by a broken line M in Fig- 
ure 1 3 due to the magnetism of the heat-generating roll- 
er 1 . Then, this magnetic flux forms a large loop from 

s the center core 33 that is the adjacent portion N to the 
heat-generating roller of the rear face core 9 via the 
magnetic permeable portion T, and repeats generation 
and annihilation. The induced current generated due to 
the changes in a state of the magnetic flux generates 

10 Joule heat as in the first embodiment. 

[0114] In this embodiment, as shown in Figure 11, a 
plurality of narrow width C-shaped cores 32 are ar- 
ranged at a regular intervals in the direction of the rota- 
tion axis of the heat-generating roller 1 . In this configu- 

15 ration, the magnetic flux flowing in the circumferential 
direction on the rear side of the exciting coil 5 is concen- 
trated into the portion of the C-shaped core 32 and do 
not flow in the air between the neighboring C-shaped 
cores 32. Therefore, magnetic flux entering the heat- 

20 generating roller 1 tends to be concentrated on the por- 
tions in which the C-shaped cores 32 are present. Ac- 
cordingly, heat generation of the heat-generating roller 
1 tends to increase in the portion opposing to the C- 
shaped core 32. However, in this embodiment, since the 

25 center core 33 forming the adjacent portion N in the 
center of the winding of the exciting coil 5 is provided 
continuously in the direction of the rotation axis of the 
heat-generating roller 1 , the magnetic flux entering the 
heat-generating roller 1 from the opposing portion F of 

30 the C-shaped core 32 also flows in the heat-generating 
roller 1 in the direction of the rotation axis, and thus the 
distribution thereof is made uniform. Therefore, the non- 
uniformity of the amount of heat generation of the heat- 
generating roller 1 can be relieved. 

35 [0115] The movement in which the magnetic flux of 
the magnetic permeable portion T is led from the oppos- 
ing portion F of the C-shaped core 32 to another oppos- 
ing portion F is not related directly to the distribution of 
the magnetic flux entering the heat-generating roller 1. 

40 Therefore : the configuration in which the magnetic per- 
meable portion T and the opposing portion F are sepa- 
rated is effective when optimizing the shape of the rear 
face core 9. The magnetic permeable portions T are not 
required to be uniform in the direction of the axis as long 

45 as the opposing portions F are as uniform as possible 
in the direction of axis. 

[0116] Since the adjacent portion N to the heat-gen- 
erating roller 1 is provided by making the center core 33 
the convex portion with respect to the C-shaped core 

so 32, the magnetic path can be formed of a larger amount 
of ferrite. Therefore, the air portion having a low mag- 
netic permeability in which the magnetic flux generated 
by the coil current passes through is limited to the nar- 
row gap portion between the heat-generating roller 1 

55 and the rear face core 9. Accordingly, since the induct- 
ance of the exciting coil 5 is further increased, and larger 
amount of magnetic fluxes generated by the coil current 
can be led to the heat-generating roller 1 , it is possible 
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to obtain an excellent electromagnetic coupling be- 
tween the heat-generating roller 1 and the exciting coil 
5. Thereby, more electric power can be applied to the 
heat-generating roller 1 even with the same coil current. 
In particular, since the magnetic flux generated by the 
coil current passes through the center of the winding of 
the exciting coil 5 without fail, by locating the adjacent 
portion N that is the center cores 33 provided continu- 
ously in the direction of the rotation axis of the heat-gen- 
erating roller 1 in the center of the winding of the exciting 
coil 5, the magnetic flux generated by the coil current 
can be led to the heat-generating roller 1 efficiently. 
[01 1 7] The cross-sectional area of the C-shaped core 
32 in the circumferential direction of the magnetic per- 
meable portion T is set so that the density of magnetic 
fluxes led from the exciting coil 5 is not beyond the max- 
imum magnetic flux density of the material of the re- 
shaped core 32. This magnetic flux density is set to be 
about 80% of the saturation magnetic flux density of fer- 
rite at maximum. The rate of the maximum magnetic flux 
density to the saturation magnetic flux density is set to 
be 1 00% or less, desirably in practical use, 50% to 85%. 
When this rate is too high, due to the unevenness of the 
environment or members, the maximum magnetic flux 
density may be beyond the saturation magnetic f)ux 
density. In such a case, the magnetic flux flows on the 
rear side of the rear face core 9 and heats the members 
behind the rear face core 9. On the contrary, when this 
rate is too small, expensive ferrite is used more than 
necessary, thus making the device expensive. 
[0118] Furthermore, since the width of the C-shaped 
cores 32 is uniform and the plurality of C-shaped cores 
32 are arranged with a large interval in the direction of 
the rotation axis of the heat-generating roller 1, heat is 
not stored in the rear face core 9 and the exciting coil 5. 
Furthermore, since there is nothing to prevent heat from 
radiating from the outer periphery of the rear face core 
9 and exciting coil 5, it is possible to prevent the rapid 
reduction of the entire magnetic permeability caused by 
the reduction of saturation magnetic flux density of fer- 
rite of the rear face core 9 due to the temperature rise 
by a heat storage. Furthermore, it is possible to prevent 
the wires from being short because the insulating coat- 
ing of the wires are melted. Thereby, the temperature of 
the heat-generating roller 1 can be maintained at the 
predetermined temperature stably for a long time. 
[01191 Furthermore, since the exciting coil 5 is formed 
in a way in which the bundled wires are superimposed 
at both end portions in the direction of the rotation axis 
of the heat-generating roller 1 , the exciting coil 5 can be 
extended uniformly in a wider range in the direction of 
the rotation axis of the heat-generating roller 1 . Thereby, 
it is possible to make the distribution of heat generation 
of the heat-generating roller 1 uniform. On the contrary, 
since it is possible to reduce the width of the both end 
portions of the exciting coil 5 in the direction of the rota- 
tion axis of the heat-generating roller 1 while securing 
the region having the uniform distribution of heat gener- 
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ation, the entire device can be miniaturized. 
[01 20] Furthermore, in this embodiment, the length of 
each part in the direction of the rotation axis of the heat- 
generating roller 1 is increased in the following order; 

5 the maximum width recording paper, the rear face core 
9, the fixing belt 31 , the outer peripheral portion of the 
exciting coil 5, the heat insulating member 34, and the 
heat-generating roller. That is, the (ength of the heat in- 
sulating member 34 is longer than the length of the ex- 

10 citing coil 5 and the length of the rear face core 9. Since 
the rear face core 9 is arranged in opposition to the heat- 
generating roller 1 and fixing belt 31 via the heat insu- 
lating member 34, even if the rear face core 9 is allowed 
to be closer to the heat-generating roller 1 , it is possible 

15 to prevent the temperature of the rear face core 9 from 
increasing. Furthermore, it is possible to prevent a cool- 
ing air from being brought into contact with the fixing belt 
31 and cooling the fixing belt 31 . 

[0121] Furthermore : since the width of the fixing belt 
20 31 is longer than the length of the rear face core 9 in the 
direction of the rotation axis of the heat-generating roller 
1, the portion of heat-generating roller 1 that is not in 
contact with the fixing belt 31 is not heated. Consequent- 
ly, it is possible to prevent the temperature of this portion 
25 of heat-generating roller 1 from being increased too 
much. 

[0122] Furthermore; by providing the coil cover 29, it 
is possible to prevent a small amount of magnetic flux 
leaked to the rear side of the rear face core 9 or the high 

30 frequency electromagnetic wave generated from the ex- 
citing coil 5 from transmitting to the inside and outside 
of the apparatus. As a result, it is possible to prevent 
electric circuits located at the inside and outside of the 
apparatus from wrongly operating due to electromag- 

35 netic noise. 

[0123] Furthermore, since the space surrounded by 
the coil cover 29 and the heat insulating member 34 
serves as an airway where the air from the cooling fan 
28 flows, the exciting coil 5 and the rear face core 9 can 

40 be cooled without cooling the heat-generating roller 1 
and the fixing belt 31 . 

[0124] Furthermore, the smallest space between the 
exciting coil 5 and the magnetic member such as the 
bottom plate 25 of the image forming apparatus main 

45 body, the top plate 26 of the image forming apparatus 
main body and the main body chassis 27 is set to be 20 
mm. Thereby, it is possible to prevent the magnetic flux 
penetrating the inside of the rear face core 9 from re- 
leasing from the place other than the opposing portion 

50 F to the outside of the exciting coil 5 and entering the 
magnetic member such as the main body chassis 27 
and the like. As a result, the electromagnetic energy pro- 
vided to the exciting coil 5 can be applied to the heat- 
generating roller 1 efficiently without heating the mem- 

55 bers of the apparatus unnecessarily. Though the small- 
est space between the exciting coil 5 and the magnetic 
member such as the main body chassis 27 and the like 
is set to be 20 mm, if the space between the rear face 
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core 9 and the magnetic member such as the main body 
chassis 27 and the like is not less than the space be- 
tween the rearface core 9 and the heat-generating roller 
1, or more desirably : not less than 1 .5 times the space 
between the rear face core 9 and the heat-generating 
roller 1 , it is possible to prevent the magnetic flux from 
leaking to the rear side of the exciting coil 5. In this em- 
bodiment, since the paper fixing guide 21 and the paper 
eject guide 23, which have to approach the fixing device 
22, are made of resin, sufficient space between the rear 
face core 9 and the other magnetic member can be se- 
cured easily. 

[0125] Furthermore, in this embodiment, the heat- 
generating roller 1 (heat-generating portion) is provided 
inside the fixing belt 31 . On the other hand, the exciting 
coil 5 and the rear face core 9 are provided outside the 
fixing belt 31 . Therefore, it is possible to prevent the tem- 
perature of the exciting coil 5 etc. from being increased 
due to the effect of the temperature of the heat-gener- 
ating portion. Thus, the amount of heat generation can 
be maintained stably. In particular, since the exciting coil 
5 and the rearface core 9 having a larger cross-section- 
al area than the cross-sectional area of the surface per- 
pendicular to the rotation axis of the inside of the heat- 
generating roller 1 is used, it is possible to use the heat- 
generating roller 1 having a small thermal capacity, the 
exciting coil 5 having a large winding number, and the 
appropriate amount of ferrite (the rear face core 9) in 
combination. Therefore, it is possible to apply a larger 
amount of electric power to the heat-generating roller 1 
with a predetermined coil current while suppressing the 
thermal capacity of the fixing device 22. As a result, by 
the use of an inexpensive exciting circuit 6 having low 
breakdown current and breakdown voltage (see Figure 
2), it is possible to realize the fixing device 22 with a 
short warm-up time. In this embodiment, it was possible 
to apply the electric power of 800 W to the heat-gener- 
ating roller 1 with the alternating current from the excit- 
ing circuit 6; an effective voltage of 140V (voltage am- 
plitude: 500V). and an effective current of 22A (peak cur- 
rent: 55A). 

[0126] The exciting coil 5 arranged outside the heat- 
generating roller 1 heats the surface of the heat-gener- 
ating roller 1, so that the fixing belt 31 is brought into 
contact with the portion of heat-generating roller 1 where 
the amount of heal radiation is largest. Therefore, the 
portion in which heat generation is maximum serves as 
a heat conducting portion to the fixing belt 31 , which can 
conduct the generated heat to the fixing belt 31 without 
thermal conduction inside the heat-generating roller 1 . 
In this way, since the thermal conducting distance is 
small, it is possible to carry out a control capable of rapid 
response with respect to the temperature fluctuation of 
the fixing belt 31 . 

[0127] A temperature sensor (not shown) is provided 
in the vicinity of the portion past the contact position in 
which the heat-generating roller 1 and the fixing belt 31 
are in contact with each other. By controlling the tem- 



36 

perature of this portion at constant, it is possible to main- 
tain the temperature of the fixing belt 31 constant when 
the fixing belt 31 enters the nip portion between the fix- 
ing roller 35 and the pressure roller 4. As a result, even 
5 if a plurality of recording papers 8 are fixed continuously, 
the fixation can be performed stably. 
[0128] Furthermore, since the exciting coil 5 and the 
rear face core 9 cover substantially the half of the cir- 
cumference of the heat-generating roller 1 , an entire re- 
10 gion of the contact portion of the fixing belt 31 and the 
heat-generating roller 1 is heated. Therefore, much 
more heating energy transmitted from the exciting coil 
5 to the heat-generating roller 1 with electromagnetic 
induction can be transmitted to the fixing belt 31 . 
15 [0129] Furthermore, in this embodiment, the material, 
thickness, etc. of the heat-generating roller 1 and the 
fixing belt 31 can be set independently. Therefore, as 
the material and thickness of the heat-generating roller 
1 , the optimum material and thickness for being heated 
with electromagnetic induction of the exciting coil 5 can 
be selected. Furthermore, as the material and thickness 
of the fixing belt 31 , the optimum material and thickness 
for fixing can be selected. 

[0130] In this embodiment, in order to shorten the 
warm-up time, the thermal capacity of the fixing belt 31 
is set as small as possible and at the same time, the 
thickness and the outer diameter of the heat-generating 
roller 1 are set small to make its thermal capacity small. 
Therefore, the fixing belt 31 could be heated up to a pre- 
determined temperature in about 15 seconds after the 
heating for fixing is started with an electric power of 800 
W. 

[0131] Moreover, in this embodiment, the C-shaped 
cores 32 are arranged with uniform interval in the direc- 
tion of the rotation axis of the heat-generating roller 1. 
However, this interval is not necessarily uniform, and 
can be adjusted in accordance with the heat radiating 
conditions or presence or absence of the contacting 
member such as the temperature sensor, etc., which 
makes it possible to design freely the distribution of heat 
generation so that the temperature distribution is uni- 
form. 

[0132] Furthermore, in this embodiment, the rearface 
core 9 includes the plurality of C-shaped cores 32 made 
of ferrite having the same thickness arranged with a in- 
terval in the direction of the rotation axis of the heat- 
generating roller 1 , and the center cores 33 made of fer- 
rite. However, there is no limitation to this configuration 
alone. For example, a configuration in which a continu- 
ous rear face core 9 is arranged in the direction of the 
rotation axis of the heat-generating roller 1, and a plu- 
rality of holes are provided in the rear face core 9 may 
be used. Furthermore, a configuration in which a plural- 
ity of blocks made of ferrite are distributed independent- 
ly on the rear side of the exciting coil 5 may be used. 
[0133] Furthermore, in this embodiment, the base of 
the fixing belt 31 is made of resin. However, instead of 
resin, ferromagnetic metal such as wckel etc. may be 
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used. In this case, since a part of the heat is generated 
in the fixing belt 31 with electromagnetic induction and 
the fixing belt 31 itself is heated, the'heating energy can 
be transmitted to the fixing belt 31 more efficiently. 
[0134] Furthermore, in this embodiment, the bottom 5 
plate 25 of the image forming apparatus main body, the 
top plate 26 of the image forming apparatus main body 
and the main body chassis 27 are made of magnetic 
material. However instead of magnetic material, resin 
material may be used. In this case, since the members io 
providing strength for the image forming apparatus main 
body do not affect a line of magnetic force, it is possible 
to arrange these members in the vicinity of the rear face 
core 9. As a result, miniaturization of the entire appara- 
tus is possible. 15 
[0135] Furthermore, in this embodiment, both ends of 
the heat-generating roller 1 are supported by the bear- 
ings 3. However as shown in Figure 14, the heat-gen- 
erating roller 1 may be supported by flanges 36 and a 
central axis 37. Herein, the flange 36 is provided on the 20 
both ends of the heat-generating roller 1 and made of 
heat resistant resin having a small thermal conductivity, 
for example. Bakelite etc. The central axis 37 passes 
through both flanges 36. When employing this configu- 
ration, it is possible to prevent heat or magnetic flux from 25 
leaking out of the both ends of the heat-generating roller 
1. 

[0136] Furthermore, in this embodiment, the excita- 
tion width of the exciting coil 5 in the direction in which 
the fixing belt 31 moves is set to be not more than the so 
range in which the fixing belt 31 is in contact with the 
heat-generating roller 1 (the range of winding). Howev- 
er, there is no limitation to this configuration, and it is 
also possible to employ other configurations. For exam- 
ple, as shown in Figure 10B, the exciting width of the 35 
exciting coil 5 in the direction in which the fixing belt 31 
moves may be extended from the range in which the 
fixing belt 31 is in contact with the heat-generating roller 
1 (the range of winding; boundary line b) toward the side 
of the fixing roller 35. According to this configuration, as 40 
compared with the configuration shown in Figure 10A, 
since a wider region of the heat-generating roller 1 (re- 
gion indicated by a in Figure 10B) can be heated, a suf- 
ficient amount of heat generation can be obtained even 
if the coil current is small. Furthermore, in this case, after 45 
the exciting coil 5 is formed by winding the bundled wire, 
the cross section of the circumferentially wound bundled 
wires is made to be substantially quadrangle to bring 
bundled wires in closer contact with each other by com- 
pressing the exciting coil 5. Thereby, since the occupied so 
volume of the exciting coil 5 can be reduced, it is possi- 
ble to increase the winding number of the exciting! coil 
5. As a result, since the current density of the coil current 
is increased, the density of the eddy current generated 
in the heat-generating roller 1 is also increased. Conse- 
quently, the amount of heat generation is increased. 
Therefore, it is possible to reduce the necessary coil cur- 
rent or to reduce the diameter of the heat-generating 
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roller 1 . 

Furthermore, since a space between the rear face core 
9 and the exciting coil 5 can be increased, by promoting 
the heat radiation from the rear face core 9, it is possible 
to prevent the temperature rise of the rear face core 9. 
Furthermore, since the bundled wires are strongly in 
contact with each other, adhesion between the bundled 
wires becomes stronger, and the exciting coil 5 can keep 
the shape by itself. Therefore, the process for assem- 
bling the fixing device 22 can be simplified. 

[Fifth Embodiment] 

[0137] Figure 1 5 is a cross-sectional view showing a 
heat-generating portion of a fixing device as an image 
heating device according to a fifth embodiment of the 
present invention. In this embodiment, members having 
the same configuration and the same function as in the 
fourth embodiment are provided with the same numer- 
als and the explanation therefor are omitted. 
[0138] As shown in Figure 1 5, in this embodiment, un- 
like the above-mentioned fourth embodiment, in the op- 
posing portion F of the rear face core 9, the portion op- 
posing to the heat-generating roller 1 is formed in a con- 
vex portion so as to be in close to the heat-generating 
roller 1 . 

[0139] Other configurations are the same as in the 
fourth embodiment. 

[0140] According to the configuration of this embodi- 
ment, the magnetic path can be composed of ferrite al- 
most completely. Therefore, an air portion having a low 
magnetic permeability in which the magnetic fluxes gen- 
erated by the coil current passes .through is limited to 
the narrow gap portion between the heat-generating 
roller 1 and the rear face core 9. Accordingly, the induct- 
ance of the exciting coil 5 is further increased, and al- 
most all of the magnetic fluxes generated by the coil cur- 
rent can be led to the heat-generating roller 1 . As a re- 
sult, the electromagnetic coupling between the heat- 
generating roller 1 and the exciting coil 5 becomes ex- 
cellent, thus increasing R of the equivalent circuit shown 
in Figure 4. Therefore, more electric power can be ap- 
plied to the heat-generating roller 1 even with the same 
coil current. In this embodiment, electric power of 800 
W could be applied to the heat-generating roller 1 with 
the effective current of 20A (peak current: 50A). 
[0141] Furthermore, since the rear face core 9 is op- 
posed to the heat-generating roller 1 and a fixing belt 
(not shown in the drawings) via the heat insulating mem- 
ber 34. even if the rear face core 9 is allowed to be in 
close to the heat-generating roller 1 , the temperature 
rise of the rear face core 9 can be prevented. 

[Sixth Embodiment] 

[0142] Figure 16 is a cross-sectional view showing a 
heat-generating portion of a fixing device as an image 
heating device according to a sixth embodiment of the 
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present invention; and Figure 17 is a projection plan 
view showing a heat-generating portion of a fixing de- 
vice as an image heating device shown in Figure 1 6 as 
viewed from the direction of the arrow A. In this embod- 
iment, members having the same configuration and the 5 
same function as in the fifth embodiment are provided 
with the same numerals and the explanation therefor are 
omitted. 

[01 43] As shown in Figures 1 6 and 1 7, in this embod- 
iment, unlike the above-mentioned fifth embodiment, 10 
there are provided opposing cores 38 continuously ar- 
ranged in the direction of the rotation axis of the heat- 
generating roller 1 as a opposing portion F of the rear 
face core 9. Furthermore, A4 size recording paper 
(width: 210 mm) is used as a maximum width recording 15 
paper. The length of the heat-generating roller 1 in the 
direction of the rotation axis is set to be 240 mm, the 
length between the outer-most edges of the C-shaped 
cores 32 excluding the opposing cores 38 in the direc- 
tion of the rotation axis of the heat-generating roller 1 is 20 
set to be 200 mm; the length of the exciting coil 5 at the 
inner peripheral portion along the direction of the rota- 
tion axis of the heat-generating roller 1 is set to be 210 
mm; and the length of the opposing core 38 along the 
direction of the rotation axis of the heat-generating roller 25 
1 is set to be 220 mm. 

[0144] Other configurations are the same as in the 
fifth embodiment. 

[01 45] In this embodiment, the length of the magnetic 
permeable portion T of the exciting coil 5 along the di- 30 
rection of the rotation axis of the heat-generating roller 
1 (the length of the exciting coil 5 at the inner circumfer- 
ential portion along the direction of the rotation axis of 
the heat-generating roller 1 ) is set to be smaller than the 
width of the maximum size recording paper. In the 35 
meanwhile, the length of the opposing portion F of the 
rear face core 9 along the direction of the rotation axis 
of the heat-generating roller 1 (the length of the oppos- 
ing portion 38 along the direction of the rotation axis of 
the heat-generating roller 1) is set to be larger than the *o 
maximum width recording paper. Thus, even if the rear 
face core 9 at the magnetic permeable portion T is pro- 
vided with a space with uneven distribution, magnetic 
field reaching the heat-generating roller 1 from the op- 
posing portion F can be made uniform in the direction 45 
of the rotation axis. Thereby, since the distribution of 
heat generation in the heat-generating roller 1 at the por- 
tion where the recording paper passes through can be 
made uniform with the rear face core 9 at the magnetic 
permeable portion T reduced, the temperature distribu- so 
tion at the fixing portion is uniform. Therefore, the fixing 
can be carried out stably. Furthermore, since the rear 
face core 9 at the magnetic permeable portion T can be 
reduced while the distribution of heat generation in the 
heat-generating roller 1 uniform, it is possible to achieve 55 
the miniaturization of the device and the reduction of the 
cost. 

[0146] In this embodiment, although the opposing 
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core 38 as a opposing portion F of the rear face core 9 
is provided continuously in the direction of the rotation 
axis of the heat-generating roller 1 , the present invention 
is not limited to this configuration alone. For example, 
as shown in Figure 18. the opposing core 38 may be 
divided and the rear face core 9 may be configured so 
that the opposing portion F has a wider shape than the 
magnetic permeabie portion T in the direction of the ro- 
tation axis of the heat-generating roller 1 . According to 
this configuration, since the rear face cores 9 at the op- 
posing portion F are reduced, the weight of the rear face 
cores 9 can be reduced. Furthermore, since it is possible 
to increase the surface area of the opposing portion F 
where the temperature easily rises, and cooling by heat 
radiation can be promoted. 

[Seventh Embodiment] 

[0147] Figure 19 is a cross-sectional view showing a 
heat-generating portion of a fixing device as an image 
heating device according to a seventh embodiment of 
the present invention; and Figure 20 is a projection plan 
view showing a heat-generating portion of in Figure 19 
as viewed from the direction of the arrow A. In this em- 
bodiment, members having the same configuration and 
the same function as in the fifth embodiment are provid- 
ed with the same numerals and the explanations there- 
for are omitted. 

[0148] As shown in Figures 1 9 and 20, in this embod- 
iment, unlike the above-mentioned fifth embodiment, 
there are provided C-shaped cores 38 so as to cover 
the range corresponding to a circular arc having an an- 
gle of about 90° around the rotation axis of the heat- 
generating roller 1 . In this case, the C-shaped cores 38a 
and 38b, which extend in the different directions, are ar- 
ranged in a staggered form in the direction of the rotation 
axis of the heat-generating roller 1 . In other words, the 
opposing portions F of the rear face core 9 are arranged 
asymmetrically with respect to the center line of the ex- 
citing coil 5 in the direction of the rotation axis of the 
heat-generating roller 1 . 

[0149] In the above-mentioned fifth embodiment, the 
same circumferential portion on the heat-generating 
roller 1 is rotated while opposing to two opposing por- 
tions F of the C-shaped core 32. Consequently, there 
arises a large difference in the amount of heat genera- 
tion between the portion opposing to the C-shaped core 
32 of the heat-generating roller 1 and the other portion 
of the heat-generating roller 1, thus causing irregularity 
in temperature distribution. On the other hand, in this 
embodiment, since the same circumferential portion on 
the heat-generating roller 1 is rotated while opposing 
one opposing portions F of the C-shaped core 32, there 
arises no large difference in the amount of heat gener- 
ation between the portion opposing to the C-shaped 
core 32 of the heat-generating roller 1 and the other por- 
tion of the heat-generating roller 1. Furthermore, when 
the heat-generating roller 1 is rotated, the space of the 
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trace of the portion opposing to the opposing portion F 
of the rear face core 9 can be shortened on the surface 
of the heat-generating roller 1 while reducing the volume 
of the rear face core 9 to be used. In other words, when 
the length of the opposing portion F along the direction s 
of the rotation axis of the heat-generating roller 1 is set 
to be 220 mm as in the above-mentioned sixth embod- 
iment, since five C-shaped cores 38 are arranged on 
one row, the pitch becomes 44 mm. However, since the 
C-shaped cores 38a and 38b are arranged in the stag- 10 
gered form, when the heat-generating roller 1 is rotated, 
the apparent pitch of the portion opposing to the stag- 
gered form opposing portion F becomes half, i.e. 22 mm 
on the surface of the heat-generating roller 1 . Thus, in 
this embodiment, since there arises no large difference 15 
in the amount of heat generation between the portion 
opposing to the C-shaped core 32 of the heat-generat- 
ing roller 1 and the other portion of the heat-generating 
roller 1 , and the space between opposing portions F on 
which the heat generation is concentrated becomes 20 
smaller, it is possible to make the distribution of heat 
generation uniform. As a result, it is possible to suppress 
the temperature irregularity of the heat-generating roller 
1 and the fixing belt. 

[01 50] Furthermore, since the rear face cores 9 at the 25 
opposing portion F are reduced, the weight of the rear 
face cores 9 can be reduced. Furthermore, since the 
surface area of the rear face core 9 can be increased, 
cooling by heat radiation can be promoted. Thus, heat 
is not locally stored inside the rear face core 9. Thereby, 30 
it is possible to prevent the entire magnetic permeability 
from rapidly reducing due to the reduction of the satu- 
ration magnetic flux density of the rear face core 9 by 
temperature rise by the heat storage. Thereby, the tem- 
perature of the heat-generating roller 1 can be main- 35 
tained stably at the predetermined temperature for a 
long time. 

[Eighth Embodiment] 
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[0151] Figure 21 is a cross-sectional view showing a 
heat-generating portion of a fixing device as an image 
heating device according to an eighth embodiment of 
the present invention; and Figure 22 is a projection plan 
view showing a heat-generating portion in Figure 21 as 
viewed from the direction of the arrow A. In this embod- 
iment, members having the same configuration and the 
same function as in the fourth embodiment are provided 
with the same numerals and the explanations therefor 
are omitted. so 
[0152] As shown in Figures 21 and 22, this embodi- 
ment is different from the above-mentioned fourth* em- 
bodiment in that the space between the neighboring C- 
shaped cores 32 is changed along the direction of the 
rotation axis of the heat-generating roller 1. In Figure 55 
22, d1 = 21 mm, d2 = 21 mm, and d3 = 1 8 mm are sat- 
isfied. Therefore, the relationship: d1 = d2 > d3 is satis- 
fied. In other words, the space between the neighboring 
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rear face cores 9 is narrow in the end portions of the 
heat-generating roller 1. Furthermore, a block 40 made 
of ferrite (5 mm x 5 mm) is provided at the same position 
in the axis direction as the position where the tempera- 
ture sensor 7 is provided. The temperature sensor 7 is 
used for measuring the temperature with contacting the 
surface of the fixing belt. 

[01 53] When the spaces of the neighboring rear face 
cores 9 are equalized, the temperature of the end por- 
tion of the heat-generating roller 1 and the fixing belt 
may be reduced. This irregularity in temperature in the 
direction of the rotation axis of the heat-generating roller 
1 may lead to deficiencies in fixing. 
[0154] In this embodiment, as mentioned above, 
since the spaces between the neighboring rear face 
cores 9 is narrower in the end portions than in the central 
portion of the heat-generating roller 1 , the magnetic flux 
generated by the coil current becomes somewhat larger 
in the end portions than in the central portion of the heat- 
generating roller 1 . Therefore, in the end portions of the 
heat-generating roller 1 , the amount of heat generation 
becomes larger. On the other hand, in the end portions 
of the heat-generating roller 1 . due to the heat conduc- 
tion toward the bearing, etc., a larger amount of heat 
easily is dissipated. Consequently, as both of the oper- 
ations are compensated, the temperature distribution of 
the heat-generating roller 1 and the fixing belt become 
uniform, thus preventing the deficiency of fixing. 
[0155] Furthermore, since the temperature sensor 7 
is in contact with the surface of the fixing belt, occasion- 
ally heat may be removed from the fixing belt by the tem- 
perature sensor 7. Therefore, only in the portion with 
which the temperature sensor 7 is in contact, the tem- 
perature of the fixing belt is easily decreased in the cir- 
cumferential direction. 

[0156] In this embodiment, as mentioned above, 
since the block 40 made of ferrite is provided at this por- 
tion, magneticfluxes easily are concentrated on this por- 
tion as compared with the other portion. Therefore, a 
larger amount of heat generation easily is generated in 
this portion as compared with the other portion. Thereby, 
by compensating heat removed by the temperature sen- 
sor 7, the temperature distribution of the surface of the 
fixing belt can be made uniform, thus preventing the de- 
ficiency of fixing. 

[0157] In this embodiment, by reducing the spaces 
between the neighboring rear face cores 9 in the end 
portions of the heat-generating roller 1 , the uniform tem- 
perature distribution can be achieved. However, the 
present invention is not limited to the configuration 
alone. For example, the space between the neighboring 
rear face cores 9 may be made uniform, and the width 
of the rear face core 9 located at the end portion of the 
heat-generating roller 1 may be made larger than the 
width of the rearface core 9 located at the central portion 
of the heat-generating roller 1 . Similarly, in this case, the 
uniform temperature distribution can be obtained. Alter- 
nately, for example, by making the space between 
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neighboring rear face cores 9 uniform, and individually 
arranging a block made of ferrite in ihe vicinity of the 
end portion of the heat-generating roller 1 , similarly, the 
uniform temperature distribution can be obtained. 

[Ninth Embodiment] 

[0158] Figure 23 is a projection plan view showing a 
heat-generating portion of a fixing device as an image 
heating device according to a ninth embodiment of the 
present invention; and Figure 24 is a cross-sectional 
view showing a heat-generating portion of a fixing de- 
vice as an image heating device according to a ninth 
embodiment of the present invention. In this embodi- 
ment, members having the same configuration and the 
same function as in the fourth embodiment are provided 
with the same numerals and the explanations therefor 
are omitted, 

[0159] As shown in Figures 23 and 34, in this embod- 
iment, unlike the above-mentioned fourth embodiment, 
the C-shaped cores 32a and 32b of the rear face core 
9 located in the vicinity of the end portion of the heat- 
generating roller 1 are movably held. Furthermore, in 
this embodiment, A3 size recording paper (width: 297 
mm) is used as a maximum width recording paper. The 
C-shaped core 32a is located at the outside of the region 
in which the A4 size recording paper (width: 210 mm) 
passes through. When the recording paper having the 
size of about A4 size is used, as indicated by a broken 
line 32a' in Figure 24, the C-shaped core 32a moves 
apart from the heat-generating roller 1 in the radial di- 
rection of the heat-generating roller 1. Furthermore, 
when smaller size recording paper is used, the C- 
shaped core 32b that is located at the inside of the C- 
shaped core 32a also is moved. 

[0160] Other configurations are the same as in the 
fourth embodiment. 

[0161] In this embodiment, the C-shaped cores 32 lo- 
cated at the outside of the region in which the recording 
paper passes through move apart from the heat-gener- 
ating roller 1 in the radial direction of the heat-generating 
roller 1, the air portion having a low magnetic permea- 
bility in which the magnetic flux generated by the coil 
current passes through is increased. Therefore, the 
magnetic fluxes of this portion are reduced and the 
amount of heat generation of the heat-generating roller 
1 in the opposing portion is reduced. Thereby, it is pos- 
sible to prevent the temperature of the member such as 
a fixing belt, bearing and the like on the end portion from 
being increased beyond the withstanding temperature 
due to the excessive increase of the temperature of the 
region in which the recording paper do not pass thro'ugh. 
Furthermore, even if a large size recording paper is used 
after small size recording papers are used continuously, 
since the temperature of the fixing portion is proper, the 
occurrence of hot offset can be prevented. Therefore, 
just after the small size recording papers are used, the 
large size recording paper can be used. 
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[0162] In this embodiment, although the case where 
only the C-shaped core 32 is movable was described as 
an example, the present invention is not limited to this 
configuration alone. For example, as shown in Figure 

5 25, even if the C-shaped core 32a and the center core 
33 are integrated and move as indicated by a broken 
line 9', the same effect can be obtained. 
[01 63] In each of the above-mentioned embodiments, 
although the exciting coil 5 is arranged in contact with 

10 the rear face core 9, the present invention is not limited 
to this configuration alone. For example, even if the ex- 
citing coil 5 and the rear face core 9 are arranged with 
a gap of about t mm therebetween, the same effect can 
be obtained. By providing the gap between the exciting 

15 coil 5 and the rear face core 9, it is possible to prevent 
the temperature from rising at the portion where the ex- 
citing coil 5 is in contact with the rear face core 9. 
[0164] Furthermore, in each of the above-mentioned 
embodiments, although the heat insulating member 34 

20 is arranged in contact with the exciting coil 5, the present 
invention is not limited to this configuration alone. For 
example, the configuration in which the heat insulating 
member 34 is apart from the exciting coil 5 and the air 
can pass through therebetween may be used. In this 

25 case, the heat radiation from the exciting coil 5 can be 
promoted. 

[0165] The configurations of the exciting coil 5, the 
rear face core 9 and the heat-generating roller t are not 
limited to the configuration in each of the above-men- 

30 tioned embodiments. There is no practical problem as 
long as the inductance L is 1 0 jiH or more and 50 u,H or 
less, and the resistance component R is 0.5 Q or more 
and 5 Q or less in the equivalent circuit of Figure 4. 
[0166] Furthermore, in each of the above-mentioned 

35 embodiments, the case where the excitation is carried 
out from the outside of the heat-generating roller 1 
(heat-generating member) by the use of the exciting coil 
5 was described as an example. However, the excitation 
may be carried out from the inside of the heat-generat- 

40 jng roller 1 (heat-generating member). 

[Tenth Embodiment] 

[0167] Figure 26 is a cross-sectional view showing an 
45 image forming apparatus using an image heating device 
as a fixing device according to a tenth embodiment of 
the present invention. 

[0168] In Figure 26, reference numeral 101 denotes 
an electrophotographic photoreceptor (hereinafter re- 

50 ferred to as "photosensitive drum"). While the photosen- 
sitive drum 101 is rotationally driven in the arrow direc- 
tion at a predetermined peripheral speed, and the sur- 
face thereof is uniformly charged to a predetermined 
negative dark potential V0 by a charger 1 02. 

55 [0169] Reference numeral 103 denotes a laser beam 
scanner, which outputs a laser beam that has been mod- 
ulated in accordance with a time-series electric digital 
image signal of image information that is input from a 
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host device (not shown in the drawings) such as an im- 
age reading device or a computer. The surface of the 
photosensitive drum 101, which uniformly has been 
charged as described above, is scanned and exposed 
by the laser beam. Thereby, the absolute potential of the 5 
exposed portion is decreased to the light potential VL, 
and an electrostatic latent image is formed. This elec- 
* trostatic latent image is then developed with negatively 
charged toner using in a developing device 104 and 
made manifest. io 
[0170] The developing device 104 includes a devel- 
oping roller 104a. The developing roller 104a is driven 
rotationally and arranged in opposition to the photosen- 
sitive drum 101. On an outer peripheral surface of the 
developing roller 1 04a, a thin layer of toner is formed. A 15 
developing bias voltage, whose absolute value is lower 
than the dark potential V0 and higher than the light po- 
tential VL of the photoelectric drum 1 01 . is applied to the 
developing roller 1 04a. The toner on the developing roll- 
er 1 04a is thus transferred only to the portion of the pho- 20 
tosensitive drum 1 01 with the light potential VL. whereby 
the electrostatic latent image is made manifest to form 
a toner image. 

[01 71 ] On the other hand, recording paper 1 1 5 is fed 
one by one from a paper-feed portion 1 1 0 to a nip portion 25 
formed between the photosensitive drum 101 and a 
transfer roller 1 1 3 via a resist roller pair 1 1 1 and 1 1 2 with 
suitable timing in synchronization with the rotation of the 
photosensitive drum 101 . Then, the toner image on the 
photosensitive drum 101 is transferred sequentially to 30 
the recording paper 115 by the transfer roller 113 to 
which a transfer bias is applied. After the recording pa- 
per 115 carrying the transferred toner image has sepa- 
rated from the photosensitive drum 101, it is fed into a 
fixing device 116, whereby the toner image that has 35 
been transferred to the recording paper 11 5 is fixed. The 
recording paper 115 on which the toner image is fixed 
is discharged to a paper eject tray 117. 
[0172] After the recording paper 115 has separated 
from the photosensitive drum 101. the surface of the 40 
photosensitive drum 101 is cleaned with a cleaning de- 
vice 1 05, which removes residual material such as re- 
maining toner so that the photosensitive drum 1 01 can 
be used repeatedly for subsequent image formation. 
[0173] Hereinafter, a fixing device as an image heat- *s 
ing device according to this embodiment will be de- 
scribed more specifically. 

[0174] Figure 27 is a cross-sectional view showing a 
fixing device as an image heating device according to a 
tenth embodiment of the present invention; Figure 28 is so 
a cross-sectional view showing a fixing belt used for a 
fixing device as an image heating device according'to a 
tenth embodiment of the present invention; Figure 29 is 
a front view showing an exciting coil and a core member 
used for a fixing device as an image heating device ac- 55 
cording to a tenth embodiment of the present invention; 
and Figure 30 is a cross-sectional view showing a heat- 
generating roller used for a fixing device according to a 
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tenth embodiment of the present invention. 
[0175] In Figures 27 and 28, a fixing belt 120, which 
is made thin, is an endless belt of 50 mm diameter and 
50 u.m thickness, which comprises the polyimide resin 
as abase 121 . The surface of the fixing belt 120 is coat- 
ed with a lubricant layer 1 22 made of fluorocarbon resin 
of 5 urn thickness for enhancing lubrication. For the ma- 
terial of the base 1 21 , in addition to a material having a 
heat resistance, such as polyimide resin, fluorocarbon 
resin, or the like, an extremely thin metal made of elec- 
troforming nickel etc. may be used. Furthermore, for the 
lubricant layer 122, a resin or rubber with good lubrica- 
tion, such as PTFE, PFA. FEP, silicone rubber, or fluor- 
ocarbon rubber may be used alone or in combination. If 
the fixing belt 120 is used to fix monochrome images, it 
is sufficient that only lubrication is ensured. However, if 
the fixing belt 120 is used to fix color images, it is desir- 
able that the fixing belt 120 has elasticity. In this case, 
a thicker rubber layer is required to be formed. 
[0176] Reference numeral 123 denotes an exciting 
coil as a heat-generating means. The cross section of 
the exciting coil 123 is formed so as to cover the fixing 
belt 120. 

[0177] As shown in Figures 27 and 29, a rear face 
core 124 made of 1err\te is provided in the center of the 
exciting coil 1 23 as well as in a portion of the rear surface 
of the exciting coil 123. For the rear face core 124, a 
material having high magnetic permeability and high re- 
sistivity such as Permalloy etc. also can be used in ad- 
dition to ferrite. Furthermore, the rear face core 124 is 
provided only in a portion of the rear surface of the ex- 
citing coil 123 and serves to prevent the magnetic flux 
from leaking out from the rear surface of the exiting coil 
123. To the exciting coil 123, an alternating current of 
30 kHz is applied from an exciting circuit 125. Hereinaf- 
ter, the alternating current applied to the exciting coil 1 23 
is also referred to as "an exciting current." 
[0178] As shown in Figure 27, the fixing belt 120 is 
suspended with a predetermined tensile force between 
the heat-generating member 144 and the fixing roller 
143 of 20 mm diameter with low thermal conductivity, 
whose surface is made of elastic foamed silicone rubber 
with low hardness (J ISA 30 degrees) and is rotationally 
movable in the direction of the arrow B. The heat-gen- 
erating roller 144 is formed of a magnetic material, an 
iron — nickel — chromium alloy having a thickness of 0.4 
mm. and has a Curie point that is adjusted to be 220°C 
by the amount of chromium that is contained in the ma- 
terial. A conductive roller 145 as a conductive member 
is provided inside the heat-generating roller 144 with a 
gap of 0.5 mm therebetween. The conductive roller 1 45 
has a thickness of 0.8 mm and is made of aluminum. 
[0179] As shown in Figures 27 and 30, both ends of 
the heat-generating roller 144 and conductive roller 145 
are supported by flanges 146 and 147 made of heat re- 
sistant resin having a small thermal conductivity such 
as Bakelite etc. Furthermore, the conductive roller 145 
is arranged adiabalically with respect to the heat-gen- 
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erating roller 144. Thereby, the heat generated at the 
heat-generating roller 1 44 is not easily conducted to the 
conductive roller 145. The heat-generating roller 144 
and the conductive roller 145 are rotationally driven 
around an axis 148 as a center by a driving means (not 5 
shown in the drawings) provided in image forming ap- 
paratus main body. 
■ [0180] In Figure 27, a pressure roller 149 as a pres- 
sure means is made of silicone rubber with a hardness 
of JIS A65 degrees. The pressure roller 149 is pressed 10 
against the fixing roller 1 43 via the fixing belt 1 20, there- 
by forming a nip portion. Herein, the pressure roller 149 
is provided at the somewhat upper stream side in the 
direction in which the recording paper 115 is transferred 
with respect to just under the fixing roller 1 43 in the per- 15 
pendicular direction. Thereby, in accordance with the 
movement of the fixing belt 120, first, the recording pa- 
per 1 1 5 comes into contact with the pressure roller 1 49. 
The pressure roller 149 is supported rotatably around 
the metal axis 1 50 in accordance with the rotation of the 20 
fixing belt 120. For the pressure roller 149, a heat-re- 
sistant resin or rubber such as otherfluorocarbon rubber 
other than the silicone rubber or a fluorocarbon resin al- 
so may be used. In order to enhance the abrasion re- 
sistance and lubrication of the pressure roller 149, it is 25 
desirable that the surface of the pressure roller 149 is 
coated with a resin or rubber such as PFA, PTFE, FEP 
or the like alone or in combination. Furthermore, in order 
to prevent the heat radiation, it is desirable that the pres- 
sure roller 1 49 is made of the material having a low ther- 30 
mal conductivity. 

[0181] In this embodiment, by configuring the heat- 
generating roller 144 as mentioned above, the heat- 
generating roller 144 is provided with a temperature self 
control property. Hereinafter, the operation thereof will 35 
be described with reference to Figures 31 and 32. 
[0182] In Figure 31 , when a temperature of the heat- 
generating portion 1 44a opposed to the exciting coil 1 23 
of the heat-generating roller 144 is at the Curie point or 
less, most of the magnetic fluxes generated by the ex- *o 
citing current penetrates the heat-generating roller 144 
as indicated by the arrows D and D 1 due to the magnet- 
ism of the heat-generating roller 144 and repeats gen- 
eration and annihilation. The induced current generated 
by the change of the magnetic flux mainly flows through «5 
the surface of the heat-generating roller 144 due to the 
skin effect, thereby causing Joule heat at the portion 
where it flows. When the temperature of the heat-gen- 
erating portion 144a of the heat-generating roller 144 
reaches around the Curie point, the magnetism is lost, so 
Consequently, as indicated by the arrows E and E' in 
Figure 32, the magnetic flux diffuses toward the conduc- 
tive roller 145 located inside the heat-generating roller 
144. Thereby, the induced current overwhelmingly flows 
in the conductive roller 1 45 that has a low electric resist- 55 
ance. At this time, since the electric resistance of the 
conductive roller 145 is low, and by limiting the current 
to be constant, the occurrence of the heat generation 
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substantially can be reduced. The calculated value of 
the depth of the portion where the electric current flows 
by the skin effect is about 0.3 mm when the frequency 
of exciting current is 30 kHz. If the thickness of the heat- 
generating roller 144 is equivalent to or larger than this 
skin depth, the induced current is generated inside the 
heat-generating roller 1 44 almost entirely when the tem- 
perature is low. If the frequency of the exciting current 
is increased, the skin depth decreases, and a thinner 
heat-generating roller 144 can be used accordingly. 
However, if the frequency of the exciting current is made 
too large, costs will rise and the noise reaching the out- 
side becomes large. 

[0183] In this embodiment, by configuring the heat- 
generating roller 144 as mentioned above, it was pos- 
sible to realize a stable temperature control of about 
190°C. 

[01 84] In this embodiment, the configuration in which 
the heat-generating roller 144 and the conductive roller 
1 45 are formed in a two-layer structure is used. Howev- 
er the present invention is not limited to this configura- 
tion alone. For example, the heat-generating roller 
formed of one layer of magnetic body having a thickness 
larger than the skin depth may be used. In this case, 
when the temperature of the heat-generating roller is be- 
low the Curie point, a portion where the induced current 
flows becomes thin, and the amount of heat generation 
is increased. On the other hand, when the temperature 
of the heat-generating roller exceeds the Curie point, 
the induced current flows almost all over the thickness 
of the magnetic body, and thus the electrical resistance 
decreases. Therefore, the amount of heat generation is 
decreased. Accordingly, also with this configuration, the 
temperature self control property can be obtained. 
[0185] As mentioned above, when the thickness of 
the heat-generating roller 144 is equivalent to or larger 
than the skin depth corresponding to the frequency of 
the exciting current applied to the exciting coil 123, and 
the effect of the temperature self control can be en- 
hanced. 

[0186] Furthermore; in this embodiment, aluminum is 
used as a material for conductive roller 145. However, 
besides aluminum, other metal having a high conduc- 
tivity such as copper or the like also may be used. 
[0187] Furthermore, in this embodiment, for the ma- 
terial of the heat-generating roller 144, an iron — nick- 
el — chromium alloy is used, but other alloys capable of 
setting the Curie temperature may be used. In this case, 
the same effect can be obtained. 
[0188] The fixing device having a configuration men- 
tioned above is attached to an image forming apparatus 
shown in Figure 26 and a recording paper 115 on which 
a toner image has been transferred is inserted into the 
fixing device in the direction of the arrow F with the side 
carrying the toner image facing the fixing roller 143, as 
shown in Figure 27, thereby fixing the toner image on 
the recording paper 115. 

[0189] According to this embodiment, since the heat- 
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generating roller 1 44 itself has temperature self control 
property, the temperature of the heat-generating portion 
144a is not raised abnormally and the temperature con- 
trol of substantially the same temperature as the fixing 
temperature can be carried out automatically. This ef- 5 
fects the local difference in temperature in the depth di- 
rection (in the direction of the rotation axis of the heat- 
generating roller 144) of Figure 27, which may lead to 
the local difference of the heat generation. Therefore, if 
the small size of recording paper is used continuously, 10 
the temperature of the portion where the recording pa- 
per does not pass through is not abnormally increased. 
Furthermore, when the larger size recording paper is 
used following the use of the small size recording paper, 
hot offset does not occur. 15 
[0190] Furthermore, the material, thickness, etc. of 
the heat-generating roller 1 44 can be set independently 
from the material, thickness, etc. of the fixing belt 120. 
Therefore, it is possible to select the optimal material 
and thickness for providing the temperature self control 20 
property as the material and thickness of the heat-gen- 
erating roller 144. Furthermore : since the thermal ca- 
pacity of the fixing belt 120 also can be set independ- 
ently from the thermal capacity of the heat-generating 
roller 1 44, the optimal value can be selected as the ther- 25 
mal capacity of the fixing belt 120. 
[0191] Furthermore, the fixing roller 143 is formed of 
a foam, whose thermal conductivity is low. Therefore, a 
gap that is present inside prevents the heat stored in the 
fixing belt 1 20 from radiating due to the contact between 30 
the fixing belt 120 and the fixing roller 143. Thus, the 
thermal efficiency becomes excellent. 
[0192] In this embodiment, in order to shorten the 
warm-up time, the thermal capacity of the fixing belt 1 20 
is set as small as possible and at the same time, the 35 
thickness of the heat-generating roller 144 is set small 
to make its thermal capacity small. In order to speed up 
the rise time, as in this embodiment, if the thickness of 
the heat-generating roller 144 is set small to make its 
thermal capacity the same level as the thermal capacity *o 
of the fixing belt 1 20, amount of heat stored in the heat- 
generating roller 144 is extremely small. Therefore, 
even if the heat is stored in the heat-generating roller 
144, its temperature decreased immediately. In other 
words, in the method of heating the heat-generating roll- 45 
er 144 at the portion other than the contact portion with 
the fixing belt 120, and thereby the fixing belt 120 is 
warmed up, the heat-generating roller 144 itself is re- 
quired to be heated to considerably high temperature in 
order to provide a sufficient amount of heat to the fixing so 
belt 120. Furthermore, the fixing belt 120 that is cooled 
down when passing through the nip portion occasionally 
may be cooled down to significantly different tempera- 
tures due to the temperatures of the pressure roller 1 49 
or fixing roller 143, or the temperature condition of the 55 
recording paper 1 1 5. Therefore, in the above-mentioned 
method, the temperature of the heat-generating roller 
144 can be set significantly different accordingly. 
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[0193] Thus, in this embodiment, since the heat gen- 
eration is carried out in the portion where the heat-gen- 
erating roller 144 is in contact with the fixing belt 120, 
and the necessary heat is conducted to the fixing belt 
1 20 immediately, it is not necessary to increase the tem- 
perature of the heat-generating roller 144 more than 
necessary. Furthermore : in the portion just past the con- 
tact portion in which the heat-generating roller 144 and 
the fixing belt 120 are in contact with each other, heat 
is 'hardly generated. Therefore, by controlling the tem- 
perature of this portion at constant, it is possible to main- 
tain the temperature of the fixing belt 1 20 constant when 
the fixing belt 120 enters the nip portion. As a result, 
stable fixing is possible regardless of the temperature 
conditions of the pressure roller 149, etc. 
[0194] Furthermore : in this embodiment, since the fix- 
ing belt 120 heated by the heat-generating roller 144 is 
brought into contact with the recording paper 115 earlier 
than the fixing roller 143, it is possible to melt the toner 
135 on the recording paper 115 in a state in which the 
necessary temperature is held. Furthermore, since the 
thermal capacity of the fixing belt 1 20 is small, when the 
fixing belt 120 starts to be brought into contact with the 
recording paper 115, the heat starts to be removed by 
the recording paper 115. and when the recording paper 
115 is separated from the fixing belt 120 after passing 
through the nip portion, the temperature of the fixing belt 
120 is reduced considerably. As a result, it is possible 
to prevent the occurrence of hot offset. 
[0195] Furthermore, in this embodiment, since the 
heat-generating roller 144 (heat-generating portion) is 
provided inside the fixing belt 1 20, and in the meanwhile 
the exciting coil 123 and the rear face core 124 is pro- 
vided outside the fixing belt 1 20. it is possible to prevent 
the temperature of the exciting coil 1 23 and the like from 
being increased due to the effect of the temperature of 
the heat-generating portion. Therefore, the amount of 
heat generation can be maintained stably. 
[0196] Moreover, in this embodiment, the fixing belt 
120 is made of resin. However, instead of resin, a metal 
may be used. In this case, a part of the heat is generated 
in the fixing belt 1 20 with the electromagnetic induction. 
However, if the thickness of the fixing belt 120 is ex- 
tremely thin, the magnetic flux generated by the exciting 
current permeates the fixing belt 120 and reaches the 
heat-generating roller 144, which allows the heat-gen- 
erating roller 144 to carry out the temperature self con- 
trol similar to the above. 

[0197] Furthermore, in this embodiment, the heat- 
generating roller 144 and the conductive roller 145 are 
arranged adiabatically. However, even if these rollers 
are arranged in close contact with each other, the heat- 
generating roller 144 similarly can be provided with the 
temperature self control property. In this case, the ther- 
mal capacity of the heat-generating roller 144 itself is 
somewhat increased, thus increasing the warm-up time 
accordingly. 

[0198] Furthermore, this embodiment describes the 
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case where the surface temperature of the fixing belt 31 
becomes a predetermined fixing temperature due to the 
temperature self control of the heat-generating roller 
144. However, the temperature self control property of 
the heat-generating roller 1 44 is not necessarily applied 5 
to this case alone. For example, this may be used for 
preventing the apparatus from being heated abnormally 
in order to secure the safety of the apparatus from dam- 
age by setting the temperature of the temperature self 
control at higher, while controlling the fixing temperature *o 
by detection with the usual thermistor etc. 

[Eleventh Embodiment] 

[0199] Next, the fixing device for fixing color images 15 
as an image heating device according to an eleventh 
embodiment of the present invention will be described 
with reference to Figure 33. In this embodiment, for por- 
tions having the same configuration and performing the 
same function as in the tenth embodiment, the detailed 20 
explanations therefor are omitted. 
[0200] A fixing belt 150 according to this embodiment 
is an endless belt of 50 mm diameter and 80 urn thick- 
ness, which comprises a polyimide resin as a base 151 . 
The surface of the fixing belt 150 is coated with a silicone 25 
rubber 1 52 of 1 50u.m thickness for fixing color images. 
Also in this embodiment, since heat generation is per- 
formed with the heat-generating roller 1 54, an extremely 
thin metal or film-shaped heat resistant resin such as 
fluorocarbon resin other than a metal can be used for 30 
the fixing belt 150, 

[0201] The fixing belt 150 is suspended with prede- 
termined tensile force between the fixing roller 153 of 
30 mm diameter, which is configured similarly to that of 
the tenth embodiment, and the heat-generating member 35 
154 of 0.4 mm thickness, and is rotationally movable in 
the direction of the arrow C. The heat-generating roller 
154 is made of magnetic stainless steel. The pressure 
roller 1 57 is made of silicone rubber with a hardness of 
JIS A60 degrees, and pressed against the fixing roller *o 
153 via the fixing belt 150, thereby forming a nip portion. 
The pressure roller 157 is supported rotatably around 
the metal axis 1 60 following the rotation of the fixing belt 
150. 

[0202] Reference numeral 171 denotes an exciting 45 
coil; and 1 72 denotes a rear face core. The exciting coil 

1 71 and the rear face core 172 are provided in opposi- 
tion to the heat-generating roller 154 with a small gap 
therebetween via the fixing belt 150. The rear face core 

1 72 is formed in an E-shaped cross section, and the ex- 50 
citing coil 1 71 is wound around the convex portion in the 
middle of the E-shaped cross section. Similar t6 the 
tenth embodiment, the exciting current having a fre- 
quency of 30 kHz is applied to the exciting coil 1 71 from 

an exciting circuit 175, thereby causing repeated gen- 55 
eration and annihilation of the magnetic flux as indicated 
by arrows G and G'. As a result, the heat-generating roll- 
er 154 is magnetized from a heat generating portion 
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154a, at which the heat generating roller 154 and the 
fixing belt 1 50 are in contact with each other, as a center 
of magnetization, thereby causing an eddy current. 
Therefore, the heat-generating portion 1 54a of the heat- 
generating roller 154 is heated. At this time, the eddy 
current generated in the heat-generating roller 154 
mainly passes through the portion shallower than the 
skin depth, which is determined depending on the mag- 
netic permeability and specific resistance of the material 
used for the heat-generating roller 1 54 and the frequen- 
cy of the exciting current applied to the heat-generating 
roller 154. From the property of the stainless steel ma- 
terial used for the heat-generating roller 1 54 and the fre- 
quency of the exciting current applied, the skin depth is 
calculated to be about 0.3 mm. Since the thickness of 
the heat-generating roller 154 is set to 0.4 mm, almost 
of the heat generation occurrs in the portion of the heat- 
generating roller 1 54 between its surface and the depth 
determined by the skin depth. Therefore, irregularity in 
the thickness of the heat-generating roller 1 54 does not 
cause irregularity in heat generation. Thus, uniform heat 
generation can be attained. Furthermore, since the 
heat-generating roller 154 generates heat mainly from 
the surface in contact with the fixing belt 150, and the 
heat from the heat-generating rotter 1 54 can be conduct- 
ed to the fixing belt 1 50 efficiently. 
[0203] A temperature sensor 1 58 is provided so as to 
be in contact with the surface of the heat-generating roll- 
er 154 at a portion 154b just past the contact portion in 
which the heat-generating roller 154 and the fixing belt 
150 are in contact with each other. The detected output 
from the temperature sensor 1 58 controls the output 
from an exciting circuit 175 via a controlling means 179. 
Thereby, the amount of the heat generated by the heat- 
generating roller 154 is controlled so that the tempera- 
ture of the portion 154b just past the contact portion in 
which the heat-generating roller 154 and the fixing belt 
150 are in contact with each other is kept constant at all 
times. 

[0204] The fixing device with the above configuration 
was attached to a color image forming apparatus (not 
shown in the drawing). Recording paper 1 86. onto which 
a color image has been formed using a sharp-melting 
color toner 185 based on polyester, was inserted into 
the fixing device in the direction of the arrow H in Figure 
33, thereby fixing the toner image onto the recording pa- 
per 186. 

[0205] In this embodiment, since the heat generation 
is carried out in the portion where the heat-generating 
roller 154 is in contact with the fixing belt 150, and the 
heat is conducted to the fixing belt 150 immediately, it 
is not necessary to increase the temperature of the heat- 
generating roller 154 more than necessary. Further- 
more, by detecting the temperature of the portion 154b 
just past the contact portion in which the heat-generat- 
ing roller 154 and the fixing belt 150 are in contact with 
each other, the amount of heat generation is controlled. 
Therefore, the temperature of the fixing belt 1 50 always 
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can be maintained at the optimum temperature for fix- 
ing. 

[0206J Furthermore, the fixing belt 150 that is cooled 
down when passing through the nip portion occasionally 
may be cooled down to a significantly different temper- 
ature depending upon the temperatures of the pressure 
roller 157 and the fixing roller 153, or the temperature 
condition of the recording paper 186. However, heat 
generation is carried out at the portion where the heat- 
generating roller 1 54 is in contact with the fixing belt 1 50, 
and the amount of heat generation is controlled so that 
the temperature of the portion 1 54b just past the contact 
portion in which the heat-generating roller 154 and the 
fixing belt 1 50 are in contact with each other is constant. 
Therefore, regardless of the temperature drop of the fix- 
ing belt 150, it is possible to control the amount of heat 
generation stably. Therefore, even if the thermal capac- 
ity of the heat-generating roller 154 is made to be ex- 
tremely small, it is not necessary to change the temper- 
ature control of the heat-generating roller 1 54 in accord- 
ance with the drop of the temperature of the fixing belt 
1 50, and it is possible to maintain the temperature of the 
fixing beft 150 constant when the fixing belt 150 enters 
the nip portion. 

[0207] Furthermore, in this embodiment, since the 
thermal capacity of the fixing belt 150 is small, when the 
fixing belt 150 starts to be brought into contact with the 
recording paper 186, the heat starts to be removed by 
the recording paper 1 86, and when the recording paper 
186 is separated from the fixing belt 150 after passing 
through the nip portion, the temperature of the fixing belt 
150 is decreased considerably. As a result, even if the 
temperature of the fixing belt 150 when entering the nip 
portion is set to be considerably high, no hot offset oc- 
curs. In this embodiment, by detecting the temperature 
of the portion 1 54b just past the contact portion in which 
the heat-generating roller 1 54 and the fixing belt 1 50 are 
in contact with each other, the amount of heat genera- 
tion can be controlled. Therefore, it is possible to finely 
control the temperature of the front portion of the nip 
portion. Accordingly, even in the case of using the sharp- 
melting colortoner 1 85, it ispossibleto fix the color toner 
185 without the occurrence of hot offset while melting 
the color toner 1 85 sufficiently. 

[0208] Furthermore, in the portion just past the con- 
tact portion in which the heat-generating roller 154 and 
the fixing belt 150 are in contact with each other, heat 
is hardly generated. Therefore, by controlling the tem- 
perature of this portion at constant, it is possible to main- 
tain the temperature of the fixing belt 1 50 constant when 
the fixing belt 150 enters the nip portion. As a result, 
stable fixing is possible regardless of the temperature 
conditions of the pressure roller 157, etc. 
[0209] Furthermore, the fixing roller 153 is formed of 
a foam, whose thermal conductivity is low. Therefore, a 
gap that is present inside prevents the heat stored in the 
fixing belt 1 50 from radiating due to the contact between 
the fixing belt 150 and the fixing roller 153. Thus, the 
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thermal efficiency becomes excellent. In this embodi- 
ment, since the hardness of the fixing roller 153 is set 
to be considerably lower than the hardness of the pres- 
sure roller 1 57, the fixing belt 150 is deformed along the 

s outer circumference of the pressure roller 1 57 at the nip 
portion. Therefore, when the recording paper 1 86 pass- 
es through the nip portion and is ejected, the recording 
paper 1 86 is ejected in the direction in which the record- 
ing paper 186 is separated from the fixing belt 150. 

10 Thus, the pee/ability is extremely excellent. 

Industrial Applicability 

[0210] As mentioned above, according to the present 
is invention, it is possible to realize an image heating de- 
vice which is not necessary to supply a large amount of 
current to the exciting coil in obtaining the electric power 
necessary to allow the heat-generating member to gen- 
erate heat. Therefore, the present invention can be ap- 
20 plied to the fixing device used in an image forming ap- 
paratus, such as an etectrophotographical apparatus, 
an electrostatic recording apparatus or the like , in which 
shortening of the warm-up time and energy saving or 
the like are taken into account. 

25 

Claims 

1 . An image heating device comprising: 

30 

a heat-generating member comprising a rotat- 
able body having conductivity, and 
an exciting coil arranged in opposition to the pe- 
ripheral surface of the heat-generating member 
35 and adapted for allowing the heat-generating 

member to generate heat with electromagnetic 
induction; 

wherein the exciting coil is composed of a 
40 bundle of wires having an insulated surface, which 
are extended in the direction of the rotation axis of 
the heat-generating member and circumferentially 
wound along the circumferential direction of the 
heat-generating member, and the bundled wires ex- 
45 tending in the direction of the rotation axis of the 
heat-generating member are arranged in close con- 
tact with each other in at least one place. 

2. The image heating device according to claim 1, 
50 wherein a larger number of bundled wires are su- 
perimposed at both ends than at the central portion 
in the direction of the rotation axis of the heat-gen- 
erating member. 

55 3. The image heating device according to claim 1, 
wherein the diameter of the wire is 0.1 mm or more 
and 0,3 mm or less and the diameter of the bundled 
wire is 5 mm or less. 
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4. The image heating device according to claim 1, 
wherein the exciting coil has an inductance of 10 
|aH or more and 50 jiH or less and an electric resist- 
ance of 0.5 CI or more and 5 CI or less in a state in 
which the exciting coil is opposed to the heat-gen- 5 
erating member. 

5. The image heating device according to claim 1 , fur- 
ther comprising a core made of magnetic material 
arranged outside the exciting coil. to 

6. The image heating device according to claim 5, 
wherein the length of the core along the direction of 
the rotation axis of the heat-generating member is 
shorter than the length of the heat-generating- is 
member in the direction of the rotation axis thereof. 

7. The image heating device according to claim 5, 
wherein the length of the exciting coil at the outer 
peripheral portion in the direction of the rotation axis 20 
of the heat-generating member is not shorter than 

the width of a recording material having the maxi- 
mum width in all the recording materials to be used; 
and the length of the core in the direction of the ro- 
tation axis of the heat-generating member is not 25 
shorter than the width of the recording material hav- 
ing a maximum width of all the recording materials 
to be used. 

8. The image heating device according to claim 5, 30 
wherein the distance between the end face of the 
core and the end face of the heat-generating mem- 
ber in the direction of the rotation axis of the heat- 
generating member is longer than the facing space 
between the core and the heat-generating member. 35 

9. The image heating device according to claim 5, 
wherein the core has opposing portions opposed to 
the heat-generating member without sandwiching 

the exciting coil between the opposing portion and *o 
the heat-generating member, and magnetic perme- 
able portions opposed to the heat-generating mem- 
ber via the exciting coil. 

10. The image heating device according to claim 9, 45 
wherein the heat-generating member is supported 

by a support member made of magnetic material, 
and a space between the support member and the 
core is twice or more the facing space between the 
core and the heat-generating member. so 

11. The image heating device according to claim 9, 
wherein the length between the outermost ends of 
the magnetic permeable portion along the direction 

of the rotation axis of the heat-generating member 55 
is not longer than the length between the outermost 
ends of the opposing portion along the direction of 
the rotation axis of the heat-generating member. 
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12. The image heating device according to claim 9, 
wherein at least a part of the opposing portion is 
arranged in closer contact with the heat-generating 
member than the magnetic permeable portion, 
thereby forming an adjacent portion. 

13. The image heating device according to claim 12, 
wherein a plurality of adjacent portions are provided 
and one of the plurality of adjacent portions is locat- 
ed in the center of the winding of the exciting coil. 

14. The image heating device according to claim 5, 
wherein at least a part of the core has gaps in the 
direction of the rotation axis of the heat-generating 
member. 

15. The image heating device according to claim 14, 
wherein the core has opposing portions opposed to 
the heat-generating member without sandwiching 
the exciting coil between the opposing portion and 
the heat-generating member and magnetic perme- 
able portions opposed to the heat-generating mem- 
ber via the exciting coil, and the gaps in the mag- 
netic permeable portion of the core are distributed 
non uniformly in the direction of the rotation axis of 
the heat-generating member. 

16. The image heating device according to claim 15, 
wherein the gap in the magnetic permeable portion 
of the core is smaller in fhe end portion than in the 
central portion in the direction of the rotation axis of 
the heat-generating member. 

17. The \mage heating device according to claim 14, 
wherein the core has opposing portions opposed to 
the heat-generating member without sandwiching 
the exciting coil between the opposing portion and 
the heat-generating member and magnetic perme- 
able portions opposed to the heat-generating mem- 
ber via the exciting coil : and the opposing portions 
of the core are arranged asymmetrically with re- 
spect to a center line of the exciting coil in the di- 
rection of the rotation axis of the heat-generating 
member. 

18. The image heating device according to claim 14, 
wherein the core has opposing portions opposed to 
the heat-generating member without sandwiching 
the exciting coil between the opposing portion and 
the heat-generating member, and magnetic perme- 
able portions opposed to the heat-generating mem- 
ber via the exciting coil, and the gap in the opposing 
portion of the core is smaller than the gap in the 
magnetic permeable portion of the core in the direc- 
tion of the rotation axis of the heat-generating mem- 
ber. 

19. The image heating device according to claim 14, 
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wherein the core has opposing portions opposed to 
the heat-generating member without sandwiching 
the exciting coil between the opposing portion and 
the heat-generating member and magnetic perme- 
able portions opposed to the heat-generating mem- 5 
ber via the exciting coil, and the opposing portions 
of the core are provided continuously in the direc- 
tion of the rotation axis of the heat-generating mem- 
ber. 

w 

20. The image heating device according to claim 5, 
wherein the heat-generating member is formed in 
the shape of pipe ; and the cross-sectional area of 
the surface of the inside of the heat-generating 
member perpendicular to the rotation axis thereof *5 
is smaller than the maximum cross sectional area 

of the core and exciting coil. 

21. The image heating device according to claim 5, 
wherein a part of the core is divided, thereby form- 20 
ing a movable portion and the movable portion is 
held movably with respect to the remaining portion 

of the core. 

22. The image heating device according to claim 21, 25 
wherein the movable portion is arranged outside the 
region in which a recording material to be used 
passes through and is allowed to be movable with 
respect to the remaining portion of the core. 

30 

23. The image heating device according to claim 1 , fur- 
ther comprising a shielding member made of con- 
ductive material covering at least a part of a rear 
face of the exciting coil. 

35 

24. The image heating device according to claim 1 , fur- 
ther comprising a cooling means for cooling the ex- 
citing coil by air flow. 

25. The image heating device according to claim 1 , fur- 40 
thercomprising a heat insulating memberfor shield- 
ing a thermal conduction between the exciting coil 
and the heat-generating member. 

26. The image heating device according to claim 25, ^5 
further comprising a core made of magnetic mate- 
rial arranged outside the exiting coil, wherein the 
length of the exciting coil along the direction of the 
rotation axis of the heat-generating member is 
shorter than the length of the heat insulating mem- 50 
ber along the direction of the rotation axis of the 
heat-generating member and is longer than the 
length of the core along the direction of the rotation 
axis of the. heat-generating member. 

55 

27. The image heating device according to claim 1 , fur- 
ther comprising a fixing roller and a fixing belt sus- 
pended between the fixing roller and the heat-gen- 
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erating member. 

28. The image heating device according to claim 27, 
further comprising a core made of magnetic mate- 
rial arranged outside the exiting coil, wherein the 
core has opposing portions opposed to the heat- 
generating member without sandwiching the excit- 
ing coil between the opposing portion and the heat- 
generating member, and magnetic permeable por- 
tions opposed to the heat-generating member via 
the exciting coil, and the length between the outer- 
most ends of the opposing portion along the direc- 
tion of the rotation axis of the heat-generating mem- 
ber is not longer than the width of the fixing belt. 

29. An image heating device comprising: 

a heat-generating member comprising a rotat- 
able body having conductivity, and 
an exciting coil arranged in opposition to the pe- 
ripheral surface of the heat-generating member 
and adapted for allowing the heat-generating 
member to generate heat with electromagnetic 
induction; 

wherein the exciting coil composed of a bun- 
dle of wires having an insulated surface, which are 
extended in the direction of the rotation axis of the 
heat-generating member and circumferentially 
wound along the circumferential direction of the 
heat-generating member, and a larger number of 
bundled wires are superimposed at both ends than 
at the central portion in the direction of the rotation 
axis of the heat-generating member. 

30. An image heating device comprising: 

a heat-generating member comprising a rotat- 
able body having conductivity, and 
an exciting coil arranged in opposition to the pe- 
ripheral surface of the heat-generating member 
and adapted for allowing the heat-generating 
member to generate heat with electromagnetic 
induction; 

further comprising a core made of magnetic 
material arranged outside the exciting coil, and 
the length of the core along the direction of the 
rotation axis of the heat-generating member is 
not shorter than the width of a recording mate- 
rial having the maximum width of all the record- 
ing materials to be used. 

31. An image heating device comprising: 

a heat-generating member comprising a rotat- 
able body having conductivity; and 
an exciting coil arranged in opposition to the pe- 
ripheral surface of the heat-generating member 
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and adapted for allowing the heat-generating 
member to generate heat with electromagnetic 
induction; 

further comprising a core made of magnetic 
material arranged in a state in which the excit- 
ing coil is sandwiched between the core and the 
heat-generating member, the core has oppos- 
ing portions opposed to the heat-generating 
member without sandwiching the exciting coil 
between the opposing portion and the heat- 
generating member, and magnetic permeable 
portions opposed to the heat-generating mem- 
ber via the exciting coil, 

wherein at least a part of the opposing portion 
is arranged in cfoser contact with the heat-generat- 
ing member than the magnetic permeable portion, 
thereby forming an adjacent portion, and at least a 
part of the core has gaps in the direction of the ro- 
tation axis of the heat-generating member. 

32. An image heating device comprising: 

a heat-generating member comprising a rotat- 
able body having conductivity; and 
an exciting coil arranged in opposition to the pe- 
ripheral surface of the heat-generating member 
and adapted for allowing the heat-generating 
member to generate heat with electromagnetic 
induction; 

further comprising a core made of magnetic 
material arranged in a state in which the excit- 
ing coil is sandwiched between the core and the 
heat-generating member, the core has oppos- 
ing portions opposed to the heat-generating 
member without sandwiching the exciting coil 
between the opposing portion and the heat- 
generating member, and magnetic permeable 
portions opposed to the heat-generating mem- 
ber via the exciting coil. 

wherein the area of the portion where the op- 
posing portion is opposed to the heat-generating 
member is larger than the cross sectional area of 
the magnetic permeable portion perpendicular to 
the circumferential direction of the heat-generation 
member, 

33. An image heating device comprising: 

a heat-generating member comprising a rotat- 
able body having conductivity; and 
an exciting coil arranged in opposition to the pe- 
ripheral surface of the heat-generating member 
and adapted for allowing the heat-generating 
member to generate heat with electromagnetic 
induction; 

further comprising a core made of magnetic 



material arranged in a state in which the excit- 
ing coil is sandwiched between the core and the 
heat-generating member, 

5 wherein a part of the core is divided, thereby 

forming a movable portion and the movable portion 
is held movably with respect to the remaining por- 
tion of the core. 

10 34. An image heating device comprising: 



a fixing belt, 

a pressure means that is pressed against the 
fixing belt to form a nip portion on the right side 
of the fixing belt, 

a heat-generating roffer having at feast a part 
composed of a conductive member and mova- 
bly suspending the fixing belt, and 
an exciting coil arranged in opposition to the pe- 
ripheral surface of the heat-generating roller via 
the fixing belt and adapted for allowing the 
heat-generating roller to generate heat by ex- 
citing the portion where the heat-generating 
roller is in contact with the fixing belt. 
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35. The image heating device according to claim 34, 
wherein the width of excitation in the direction in 
which the fixing belt moves is substantially the same 
as or not more than the width of the portion where 
the fixing belt is in contact with the heat-generating 
roller. 

36. The image heating device according to claim 34, 
further comprising a temperature detecting means 
for detecting the temperature, which is arranged in 
contact with the surface of the heat-generating roll- 
er at a portion other than a portion where the heat- 
generating roller is in contact with the fixing belt; and 
a control means for controlling an output from the 
exciting coil in accordance with an output from the 
temperature detecting means. 

37. The image heating device according to claim 34, 
wherein an exciting current having a predetermined 
frequency is applied to the exciting coil, and the con- 
ductive member of the heat-generating roller has a 
thickness equal to or larger than the skin depth de- 
fined by the material thereof and the predetermined 
frequency. 

38. An image heating device comprising: 

a fixing belt; 

a pressure means that is pressed against the 
fixing belt to form a nip portion on the right side 
of the fixing belt, 

a heat-generating roller made of magnetic ma- 
terial whose Curie temperature is set to be a 
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predetermined value and movably suspending 
the fixing belt; 

a conductive member provided inside the heat- 
generating roller; and 

an exciting coil arranged in opposition to the pe- 5 
ripheral surface of the heat-generating roller via 
the fixing belt and adapted for allowing the 
heat-generating roller to generate heat by ex- 
• citing the portion where the heat-generating 
roller is in contact with the fixing belt. 10 

39. The image heating device according to claim 38, 
wherein the conductive member is arranged adia- 
batically with respect to the heat-generating roller. 

15 

40. The image heating device according to claim 38, 
wherein an exciting current having a predetermined 
frequency is applied to the exciting coil, and the 
heat-generating roller has a thickness equal to or 
larger than the skin depth defined by the material 20 
thereof and the predetermined frequency. 

41. An image forming apparatus comprising: 

an image forming means for forming an unfixed 25 
image onto a recording material and having the 
unfixed image carried thereon; and 
a fixing device for fixing the unfixed image onto 
the recording material, 



wherein an image heating device according 
to any one of claims 1 to 40 is used as the fixing 
device. 



30 



35 



40 



45 



50 



55 



32 



EP 1 174 774 A1 




EP1 174 774 A1 




34 




35 



EP 1 174 774 A1 



/YYY\ 



-W\MW 

L r R 




Fl G . 4 



36 



EP1 174 774 A1 




EP 1 174 774 A1 




38 



EP 1 174 774 A1 




* 



EP 1 174 774 A1 



9 




FIG. 8 



40 




41 




42 



EP 1 174 774 A1 




43 




44 



EP 1 174 774 A1 




FIG. 13 



45 



EP1 174 774 A1 




46 



EP 1 174 774 A1 



33 32 




FIG .15 



47 



I 



EP 1 174 774 A1 



9 




Fl G .16 



48 



EP1 174 774 A1 




49 




50 



EP1 174 774 A1 





52 



EP1 174 774 A1 




53 



t 

1 



EP 1 174 774 A1 




54 



EP 1 174 774 A1 




55 



EP 1 174 774 A1 



32a' 



33 32a 




FIG .24 



56 



EP1 174 774 A1 



33 32a 




FIG .25 



57 



EP 1 174 774 A1 




58 




59 



EP 1 174 774 A1 




60 



EP 1 174 774 A1 



124 




123 



FIG . 29 



61 



EP 1 174 774 A1 



144 145 



147 




FIG- 30 



62 




63 




64 




65 



EP 1 174 774 A1 




FIG .34 



66 



EP 1 174 774 A1 




FIG .35 



67 



EP 1 174 774 A1 




69 



EP1 174 774 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP00/01179 



A. CLASSIFICATION OF SUBJECT MATTER 



Int. CI 7 G03G 15/20 

According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 1 G03G 15/20, H05B 6/00-6/44* 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Xoho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Kcho 1996-2000 

Electronic data base consulted during the international search (name of data base and, where practicable, search icrms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
Y 


US, 5506666, A (Fujitsu Limited), 
09 April, 1996 (09-04.96), 
Full text; Figs. 1-14C 
Full text; Figs.l-14C 
& JP, 7-72761, A 


1-2, 29,41 
3-28, 30-40 


E, X 


JP, 11-297462, A (Canon Inc.), 

29 October, 1999 (29.10.99), 

Full text? Figs. 1 to 7 (Family; none) 


1.2,5,41 


E,X 


JP, 11-297463, A (Canon Inc.), 
29 October, 1999 (29.10.99), 

Full text; Figs. 1 to 7 (Family: none) j 


1 , 2, 5, 41 


Y 


JP, 9-319243, A (Toshiba Corporation), 
12 December, 1997 (12.12.97), 

Par. No. [0027J ; Figs. 1 to 22 (Family: none) 


3 


Y 


JP, 10-106739, A (Canon Inc.), 
'24 April, 1998 (24.04.98), 

Par .Nos . 10095) - 10096] ; Fig. 4 (Family: none) 


3 



Further documents are listed in the continuation of Box C. Q See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general stale of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing 

date 

"L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date or another citation or other 
special reason {as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

T" document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered lo involve an inventive 
Step when die documcni is taken alone 

document of particular relevance: the claimed invention cannot be 
considered to involve an inventive siep when the document is 
combined with one or more oihcr such documents, such 
combination bsing obvicus to a person skilled in the art 
document member of the same paieni family 



Date of the actual completion of the international search 
17 May, 2000 (17.05.00) 

• 


Date of mailing of the international search report 
30.05. 00 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/2 10 (second sheet) (July 1992) 



70 



EP 1 174 774 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP00/01179 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



X 
Y 



JP, 8-129313, A (Canon Inc.), 
21 May," 1996 (21.05.96) , 

Par .Nos . [0051] - [0078] ; Figs. 3 to 4 (Family: 

JP, 10-184662, A (Ricoh Company, Ltd.), 
14 July, 1998 (14.07.98), 

Full text; Figs. 1 to 3 (Family: none) 

US, 5752148, A (Minolta Co., Ltd.), 
12 May, 1998 (12.05.98) , 
Full text; Figs. 1 to 10 
& JP, 8-137306, A 

JP, 9-197863, A (MINOLTA CO., LTD.), 
31 July, 1997 (31.07.97), 
Full text; Figs. 1 to 3 

Full text; Figs. 1 to 3 (Family.- none) 

US, 5819150, A (Canon Kabushiki Kaisha) , 

06 October, 1998 (06.10.98), 

Full text; Figs. 1 to 13 

Full text; Figs. 1 to 13 

5c JP, 10-74011, A & EP, 816942, A 



none ) 



9-13 



24-26 



27-28 , 34-41 



1-2,29,41 
3-28, 30-40 



1-2,29,41 
3-28 , 30-40 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



71 



